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PREFACE    TO    THE 
REVISED    AND    ENLARGED    EDITION. 


Since  the  last  edition  of  this  book  in  1889,  consider- 
able additions  have  been  made  to  the  knowledge  of 
minute  structural  anatomy.  The  progress  in  the 
knowledge  of  the  structure  and  life  of  the  cell  and 
nucleus,  the  remarkable  discoveries  in  the  structure 
of  the  central  nervous  system  and  sense  organs 
— introduced  by  the  method  of  Golgi,  and  followed 
up  by  the  brilliant  work  of  Ramon  y  Cajal,  Kolliker, 
Lenhossek,  Retzius,  and  others — have  made  it  neces- 
sary to  revise  and  to  make  considerable  additions 
to  the  chapters  dealing  with  these  organs.  While 
care  has  been  taken  to  correct  and  amplify  other 
parts  of  the  book,  the  chapters  on  the  central  nervous 
system  have  been  practically  rewritten. 

The  task  of  rewriting  and  re-editing  the  chapters 
on  the  brain  and  medulla  and  on  the  alimentary 
canal  has  devolved  upon  my  colleague  Dr.  Edkins, 
who  is  now  associated  with  me  as  joint-author. 

While  a  large  number  of  the  illustrations  of  the 
former  edition  have  been  retained,  a  considerable 
number  has  been  added  ;  these  are  either  original 
photograms  prepared  by  Mr.  Norman  from  Dr. 
Edkins's  and  my  own  specimens,  or  they  are  copied 
from  Kolliker 's  "  Handbuch,"  from  Ramon  y  Cajal, 
from  Schafer  (Quain's  "  Anatomy "),  from  Halli- 
burton (Kirke's  "Physiology"),  and  from  Klein  and 
Noble  Smith's  "  Atlas  of  Histology."  To  our  colleague 
Dr.  Tooth  our  special  thanks  are  due  for  the  loan  of 
some  of  the  lantern  slides  illustrating  the  medulla. 

E.    KLEIN. 

St.  15artholomew's  Hospital, 
London.— 1.S08. 
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Elements  of  Histology. 


1    Tub  npe  ovnm  (Fi^   I)  of  man  and  mammals 
IS  a  minute  spherical  mass  uf  a  soft  ^elatinous  trans- 
parent  granular  lookin^  Eulwtance   containing  nume 
reus    minute  particles — yolk 
globules      It  IS    invested  by         " 
a    radially    stnatrd    delicate 
membrane    called    tiie    zona 
pellucida      In«de  this  mass 
and    situated    more    or   less 
excentriLally    is  a  vesicle — 
the    germinal    lesicle  — ■  and 
mside     this     one    or    moie 
solid    spots  —  the     qermmal 
spot    or    spots        The    gela- 
tinous transparent  substance     "  "■  ""  i'^;-"  ■■;,■  MpiS'ii  — 
of    the    ovum     containing  a 

very  large  percentaj,e  of  proteid  matenal  is  called 
protoplasm  Before  and  immediately  after  fertilisa 
tion  the  protoplasm  of  the  ovum  shows  distinct 
movement  consistin,,  in  contiaction  and  expansion. 
These  movements  aie  spontaneous — f  not  caused 
by  any  directly  visible  extern  1  influence 

The  diameter  of  the  iipe  ovum  in  man  and  do- 
mestic animals  vanes  between  -Jg  and  jj^  of  an 
inch      But  before  it  ripens  the  ovttm  \a  co-cvsviewMs.'^ 
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smaller — in   fact,    its   size   is    in    proportion   to   i 
ata,te  of  development. 

2.  Fertilisation  causes  marked  changes  in  t 
contractions  of  the  protoplasm  of  the  ovum  ;    the 


lead  to  cleavage  or  du-nton  of  its  body  into  two  ]  arte 
the  germinal  \esicle  having  preMOUsly  sj lit  up  into 
two  bodies  or  nuclei     ao  tliat  we  now  fand  the  ovum 


Fig.  3,— From  a  SecUoDtlirouglitbe  Rudiment  or  the  Embryo  Chkk. 

has  originated  two  new  elements,  each  of  which 
consists  of  protoplasm,"  of  the  same  substance  as  that 
of  the  original  ovum,  and  each  contains  one  nucleus 
or  kernel,.    The  investment   of  the   ovum  rakes  no 


part  in  this  process  of  division      Not  long  afterwards, 
each  of  the  two  daughter  elements  unde  goe  c  ea  age 


Fig.  4.— Vertical  Section  hm         h    U  B       C 

d,  TegneDUl  larer  of  epib  u        d  rfeal  groa  md  lu 


or  division  into  two    e»  e  e    ent    ten      e      ha      g, 
previously    divided     nto    to     so    tl  at    each      ew 

of   division  ia  cont  n  ed      n   the     a  "&     ■net   Vn 
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many  generations  (Figs.  2,  3,  4),  so  that  after  a 
few  days  we  find  within  the  original  investment  of 
the  ovum  a  large  number  of  minute  elements,  each 
consisting  of  protoplasm,  and  each  containing  a 
nucleus. 

3.  From  these  elements,  which  become  smaller  as 
the  process  of  cleavage  progresses,  all  parts  and  organs 
of  the  embryo  and  its  membranes  are  formed.  It  can 
be  easily  shown  that  the  individual  elements  possess 
the  power  of  contractility.  Either  spontaneously  or 
under  the  influence  of  moderate  heat,  electricity, 
mechanical  or  chemical  stimulation,  they  throw  out 
processes  and  withdraw  them  again,  their  substance 
flowing  slowly  but  perceptibly  along.  Hence  they 
can  change  their  position.  In  this  respect  they  com- 
pletely resemble  those  lowest  organisms  which  are 
known  as  amoebae,  each  of  these  being  likewise  a 
nucleated  mass  of  protoplasm.  Wherefore  this  move- 
ment is  termed  amoeboid  movement.  It  can  be  further 
shown  that  they,  like  amoebae,  grow  in  size  and  divide 
— that  is  to  say,  the  individuals  of  a  generation  grow 
in  size  before  each  gives  rise  to  two  new  daughter 
individuals. 

4.  Although  for  some  time  during  embryonic  life 
the  elements  constituting  the  organs  of  the  embryo  are 
possessed  of  these  characters,  a  time  arrives  when 
only  a  limited  number  of  them  retain  the  power  of 
contractility  in  any  marked  degree.  At  birth  only  the 
white  corpuscles  of  the  blood  and  lymph,  many  of  the 
elements  of  the  lymphatic  organs,  and  the  muscular 
tissues,  possess  this  power;  while  the  others  lose  it, 
or  at  any  rate  do  not  show  it  except  when  dividing 
into  two  new  elements.  Some  of  these  elements 
retain  their  protoplasmic  basis ;  as  a  rule,  each  con- 
tains one  nucleus  (but  some  two  or  more),  and  is 
capable  of  giving  origin  by  division  to  a  new  genera- 
tion.    Others,  however,  change  their  nature  altogether, 
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their  protoplasm  and  nucleus  disappear,  and  they 
give  origin  to  material  other  than  protoplasm — e.g, 
collagenous,  osseous,  elastic,  and  other  substances. 
As  development  proceeds,  and  after  birth  of  the 
foetus,  different  cells  assume  different  functions,  which 
for  each  kind  are  of  a  special  character  and  constitute 
its  specific  character  or  its  specific  /unction, 

5.  Beginning  with  the  ovum,  and  ending  with  the 
protoplasmic  nucleated  elements  found  constituting 
the  organs  and  tissues  of  the  embryo  and  adult,  we 
have,  then,  one  uninterrupted  series  of  generations  of 


Fig.  5.— -AraoBboid  movement  of  a  White  Blood  Corpuscle  of  Man  ;  various 

phases  of  movement.    (Handbook.) 

elements,  which  with  Schwann  we  call  cells  and  with 
Briicke  elementary  organisms.  Of  these  it  can  be  said 
that  not  only  is  each  of  them  derived  from  a  cell 
(Virchow  :  omnis  cellula  a  cellula),  but  each  consists 
of  the  protoplasm  of  Max  Schultze  (sarcode  of  Dujar- 
din),  is  without  any  investing  membrane,  and  includes 
generally  one  nucleus,  but  may  contain  two  or  more. 
We  can  further  say  that  each  of  these  cells  shows  the 
phenomenon  of  growth,  which  presupposes  nutrition 
and  reproduction.  A.11  of  them  in  an  early  stage  of 
their  life-history,  and  some  of  them  throughout  it,  show 
the  phenomenon  of  contractility,  or  amoeboid  move- 
ment (Fig.  5). 

In  a  recent  work,  and  following  the  procedure  of 
V.  Sachs  on  the  life  and  activity  of  vegetable  cells,  v. 
KoUiker  systematises  and  summarises  tlvo?>fe  ol  %xvvssNa\. 
cells  thus  :  The  protoplasm  and  nucleus  co\v^\K\xx\ax^% 
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a  vegetable  cell  is  called  by  v.  Sachs  an  energid;  in 
the  animal  body  it  is  represented  by  a  nucleated 
protoplasmic  cell  without  a  cellulose  membrane,  and 
is  called  by  v.  KoUiker  a  protoblast  (germinal  matter 
of  Beale).  All  protoblasts,  as  also  all  energids,  are 
always  derived  from  parent  protoblasts ;  they  always 
propagate  by  division,  and  in  this  manner  carry  on 
the  race  from  generation  to  generation ;  they  are  the 
instruments  of  heredity. 

All  growth  of    the  protoblasts    takes    place   by 
internal  processes — that  is,  by  intussusception. 

The  active  work  of  protoblasts  consists  in :  (a) 
formation  of  the  typical  organs ;  (h)  special  move- 
ments of  the  protoplasm — e.g.  amoeboid  movement ; 
(c)  the  formation  of  alloplasmatic  organs  (A.  Meyer). 
These  latter  are  derived  from  the  living  protoplasm, 
are  organised,  and  are  participating  themselves  in  the 
living  functions,  but  they  are  not  capable  of  multipli- 
cation by  division.  Such  alloplasmatic  organs  are  : 
cilia,  muscular  fibres,  nerve  cells  and  nerve  fibres,  and 
the  terminal  cells  in  the  sense  organs,  {d)  The  pro- 
duction of  passive,  partly  non-organised,  ergastic 
structures  (A.  Meyer),  or  formed  matter  (L.  Beale) ; 
such  are  the  cellulose  membranes  of  vegetable  cells, 
cuticular  formations,  fluids,  and  intercellular  and 
other  substances  (collagenous,  chondrinous,  osseous, 
elastic,  dental,  etc.),  cell-juices  and  granules  of  all 
kinds. 

Cells  differ  in  shape  according  to  kind,  locality, 
and  function,  being  spherical,  irregular,  polygonal, 
squamous,  branched,  spindle-shaped,  cylindrical,  pris- 
matic, or  conical.  These  various  shapes  will  be  more 
fully  described  when  dealing  in  detail  with  the  various 
kinds  of  cells.  Cells  in  man  and  mammals  differ  in 
size  within  considerable  limits  :  from  the  size  of  a 
small  white  blood  corpuscle  of  about  a^^Vo  ^^  '*^^  inah 
to  that  of  a  large  ganglion  cell  in  the  anterior  horns  of 


Cells.  7 

tlie  3i)ina1  cord  of  about  ^^^  of  an  inch,  or  to  that  of 
multinucleated  cells  of  the  bone  marrow ^niyeloplax — 
some  of  which  surpass  in  size  even,  the  ganglion  cells. 
The  same  holds  good  of  the  nucleus.  Between  the 
nucleus  of  a  ganglion  cell  of  about  -^J ^  to  yj'o„  of  an 
inch  in  diameter  and  the  nucleus  of  a  white  blood 
corpuscle  of  about  -g-^jj  to  TtiJiro  **^  *"  ^^'^^  ^"^^  ^^^^ 
there  are  all  intermediate  sizes. 

6.  Protoplnsm  or  cylopladin  is  a  transparent 
homogeneous  or  granular- looking  suljstance.  On  very 
careful   exam  in- 


ation  with  good 
and  high  powers, 
and      especially 
when  examined     . 
with  certain    f 

'  '  J 

reagents,  in    [ 
many,    but    not    ^,_ 

in  all,  instances 

it  shows  a  more 

or    Ies9  dehnite 

U                   ' 

structure     (Fig 

fibrils,  more  or       p^^"'J- 
less  regular,  and 

mffibold  yale   leueomto  of  Uie  newt 
the  iiudEi  einbeOded  III  the  «ll  proto. 

1  ilaam.    HflirSchfir) 

in  some  instances  grouped    into  a   hoiieycontbed  re 
ticulum,    apoiigwplasm,  in  the  meshes  of   which   is 

a     homogeneous    substance,     /tyahj-lasm     (Ley  dig) 
The    closer   the    meshes  of  the    reticulum,    the  less 

there    is    of    this    interstitial     substance     and    the 

more  regularly  gianular 
In   the  meshes  of  the  t 

does  the  reticulum  appear 
eticulum,  howe\er,    may  be 

included  larger  01  smaller  granules  of  fat,  pigment, 
or  other  material  Water  makes  protoflasm  swell 
up  and  ultimatelj  this  I  ecomes  disinteitiated  ,  so  also 
act  dilute  acids  and  alkalies.  All  substances  tba.t 
coagulate  proteida  haye  the  same  effect  on  ^tcAjoi^wsto.- 
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In  arrangement  of  its  elements  the  spongioplaam 
differs  in  different  cells ;  while  in  some — e.g.  spheroidal 
or  cubical  epithelial  cells — it  is  as  a  rule  uniform  ;  in 
columnar  cells  it  is  elongated  in  the  direction  of  the 
long  axis  of  the  cell,  hence  the  reticulum  appears  as 
an  eminently  longitudinally  fibrillated  substance  ;  in 
ganglion  cells  it  is  conoentncally  arranged      In  some 


1  the  outer  portio 
different  arrangement  f  i 
and  then  a  division 


1  the  spongioplas 
■om  that  in  the  middle  portion, 
made  between  ectoplasm  and 
/•.ndopUwDi  (Fig.  7).  The  hyaloplasm  differs  in  amount 
in  different  cells,  and  in  the  same  kind  of  cells  it 
varies  according  to  different  states  of  cell  activity. 
Thus  in  gland  cells  during  activity  the  amount  of 
hyaloplasm  ia  increased,  containing  in  these  instances 
laore  or  less  of  granular  matter. 


Cells. 

In  amteboid  celh  such  as 
the  blood  the  hyalo[.las 
the  spontaneous  or  amceboiJ  changes  and  movement 
are  prm(.ii  ally  lodged  as  hiis  bepn  hhown  by  instan 
taneous  electric  ill  imination  by  Strieker 

In  the  protoi  lasm  of  nianj  cells  are  lodged 
grannies  of  vanons  km  h  microsomes  they  dilier  in 
size  shape  colour  and  chemical  nature  and  are,  a^  a 
rule  the  lesult  of  cell  activity  Such  are  the  zymo 
gen  granules  in  secreting  gland  cells  eosmophile 
basophile  and  neutrnphile  or  amphophile  gnnules 
in  leucocytes  glycogen  granules  in  the  livei  cells 
cartilage  cells  and  leucocytes  pigment  grdnulea  in 
vannuB  kinds  of  pigmented  cells  fat  „i-anules  and 
fat  glol  ulea  in  wandeiing  celh.  m  connectue  tissue 
cells  in  liver  cells  in 
the  epithelial  cells  of 
the  milk  gland  etc  It 
IS  not  justihable  to  is 
snme  with  Altmann  that 
these  microsomes  or  In 
blasts  are  hvmg  entities 
in  the  sense  that  the 
whole  cell  is 

In  tl  e  cell  proto 
plasm  of  leucocytes  of 
epithelial  and  other  cells, 
certain     granules     an  1  I 

fibrils    have     been    de-  r  sa         i 

scribed     by      Plemming         Vnngtvo  u  cl  i  unl  showing  the 

Boven  Heidenhain  an  1       "i  «'dy°d  tTed*  io\m^ l^wDr 

others,  vihich   being  of       m  rt  n  lUuk  hai  ) 

a  constant  and  detinite 

nature  play  an  important  part  in  the  division  of  the 

cell  and  its  nucleus.     This  is  the  centroeoiue,  and  witli 

it8  radiating  fibriihe  forms  the  allracCionsp/iere  (Fi^.  Sy 

The  centrosome  ia  a  granule  surroandeA  \i^  a,VgeXvft» 
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sphericdl  space,  thiough  this  pass  the  fibrilte  radi- 
ating fiom  the  former,  and  connect  it  with  the 
•jpongioplasm   of    the   cell    body       The   whole — i.e 


centrosome  and  i-adiating  fibrillre — represents  the 
attractionsphere.  Preceding  the  division  of  the 
cell  nucleus,  the  centrosome  divides  into  two, 
each  daughter  centrosome,  with  its  own  hyaline 
ai*eola  and  system  of  radiating  fibril  lie,  forming 
hy  -  and  -  hy     A     sei>arate      attractionspliere,     which 
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migratiDg  towards  opposite  poles  of  the  cell- 
body  become  separate  points  of  attraction  for  the 
divided  nuclear  mitoma.  {See  division  of  nucleus.)  So 
that  the  division  of  the  attractionsphere  would  be 
the  first,  the  division  of  the  nucleus  the  second,  and 
the  division  of  the  cell  protoplasm  the  third  and  final 
stage  in  the  division  of  a  cell  (Fig.  9). 

7.  The  nucleus,  the  size  of  which  is  generally  in 
proportion  to  that  of  the  cell,  is  usually  spherical  or 
oval.  It  is  composed  of  a  more  or  less  distinct  invest- 
ing cuticle  and  the  nuclear  contents  ;  the  former  is 
the  membrane,  the  latter  the  nuclear  substance,  karyo- 
plasm,  or  nucleoplasm.  This,  again,  is  composed,  in 
adult  nuclei,  of  a  stroma  or  network,  mitoma,  and  the 
inter-fibrillar  substance.  The  network  consists  of 
fibrils  of  various  thickness,  and  trabeculse  or  septa 
more  or  less  irregular  in  thickness  and  length.  In- 
timately connected  with  and  lodged  in  the  network 
are  angular  or  rounded  masses  called  nucleoli.  The 
number  and  size  of  these  vary  considerably  ;  in 
young  nuclei  they  may  be  large  and  numerous,  in 
adult  or  resting  nuclei  they  are  few,  and  in  those 
about  to  divide  they  are  altogether  absent.  Also  the 
network  is  subject  to  great  variation :  while  in  adult 
or  resting  nuclei,  and  particularly  those  about  to 
divide,  the  network  is  of  great  uniformity  and  well 
developed  ;  it  may  be  very  imperfect  in  young  nuclei, 
in  which  it  is  sometimes  represented  by  a  number  of 
irregular  masses  joined  by  short  bridges.  The  more 
perfect  the  nuclear  network,  the  fewer  are  the  nucleoli. 
Owing  to  the  ready  manner  in  which  the  fibrils  of  the 
nuclear  network,  i.e.  the  mitoma,  take  up  certain  dyes, 
their  substance  is  called  chromatin,  and  the  fibrils 
are  the  chromosomes ;  while  the  inter-fibrillar  sub- 
stance not  possessed  of  this  character  is  called 
achromatin.  Occasionally,  also,  the  ac\\YOT£\\\\Axv  ^^- 
pears  composed  of  fibrils,  and  these  are  t\i^\x  c»J^^^ 
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secondary  fibrils,  as  distinct  from  the  chromosomes  or 
primary  fibrils.  Rabl  and  with  him  Heidenhain 
maintain,  however,  that  the  achromatin  in  typical 
adult  nuclei  is  always  composed  of  fine  fibrils,  and 
that  both  the  chromatin  and  achromatin  fibrils  possess 
a  definite  unipolar  arrangement  and  convergence, 
while  Carnoy  and  van  Gehuchten  assume  a  bipolar 
arrangement.  But  this  distinction  holds  good  only 
for  adult  nuclei ;  in  young  nuclei  the  whole  nuclear 
contents  may  possess  this  affinity  for  the  same  dyes, 
and  in  this  case  the  whole  nucleus  becomes  uniformly 
stained.  The  nuclear  membrane  is  a  condensed  outer 
stratum  of  the  nuclear  network.  At  the  commence- 
ment of  the  division  of  the  nucleus  the  membrane 
disappears. 

In  some  instances  it  can  be  shown  that  the 
nuclear  fibrils  are  in  continuity  with  the  fibrils  of  the 
cell  substance.  In  the  moving  white  blood  corpuscles 
Strieker  and  linger  have  seen  the  nucleus  becoming 
one  with  the  cell  substance,  and  again  afterwards 
difterentiated  by  the  appearance  of  a  membrane. 

8.  During  division  of  the  cell  the  nucleus 
generally  divides  before  the  cell  protoplasm.  This 
division  of  the  nucleus  was  formerly  supposed  to 
occur  in  the  same  manner  as  that  of  the  cell  proto- 
plasm— i.e.  by  simple  cleavage.  This  mode  is  called 
the  direct  or  amitotic  division,  or  Remak's  mode  of 
division.  In  this  division  the  nucleus  is  supposed  to 
become  constricted,  kidney-shaped  and  hourglass- 
shaped  and,  if  the  division  is  into  more  than  two, 
lobed.  Nuclei  of  these  shapes  are  not  uncommon ; 
but  they  need  not  necessarily  indicate  direct  division, 
because,  being  very  soft  structures,  pressure  exerted 
from  outside,  or  the  motion  of  the  cell  protoplasm, 
may  produce  these  shapes ;  and,  further,  the  contrac- 
tility of  the  nucleus  may,  and  occasionally  has  been 
observed  to,  cause  these  changes  of  shape.     From  the 
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observations  of  Schneider,  Biit&chli,  Fohl,  Strasa- 
burger,  Mayzel,  van  Beneden,  Schleicher,  Flemming, 
£abl,  and  others,  it  is  known  that  in  the  embryo  and 
adult,  in  vertebrates  and  iovei'tebrates,  in  all  kinds  of 
cells, both  in  the  normal  as  well  as  morbid  condition,  the 
division  of  the  cell  protoplasm  is  preceded  by  complex 
changes  of  the  nuclear  mitoma,  leading  to  the  division 
of  the  nucleus  (Fig.   10).      The    sum-total    of    these 


called  indirect  division,  karyokinesis 
(Schleicher)  or  karyomitosis*  (Flemming).  Where 
this  process  occurs  in  its  complete  and  typical  form, 
the  mitoma  passes  through  the  following  phases 
(Flemming,  Rabl) : — 

i. — Convolution OT gph'eme  orskein;  disappearance 
of  the  nucleoli,  increase  of  the  fibrils  constituting  the 

*  Schleicher  noticed  that  the  fibrils  during  thia  process  show 
movement ;  hence  the  name  Karyokinesis.    Mitoau  —-"""'■" 
grouping  ajid  changes  of  the  flbrUB  (uitat^^KbrALV 
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chromatic  substance  at  the  same  time  the  fibrils 
become  free  as  it  were,  and  bent  and  twisted  at  first 
into  a  dense  afterward's  into  a  loose  convolution 
The  fibrils  of  the  loose  convolution  are  thicker  than 
before    less  twisted   and  more  like  masses  of  loops 


t 


.>  ataga 


3  {Htmrn  ng) 


These  latter  by  cross  division  along  the  iwriphery  of 
the  mass  increase  in  number,  and  thereby  are  con- 
verted into  simple  loops,  arranged  more  or  less  like  a 
wreath  or  rosette.  The  whole  nucleus  is  lai'ger  than 
before,  its  membrane  has  disappeared,  and  it  is  sur- 
rounded by  a  moi-e  or  less  clear  halo  of  cell  proto- 
pl«,.n  (Fig.  11). 

ii. — Longitudinal  division  of  the  loops,  each  loop 
giving  origin  to  a  pair  of  sistei-  loops;  the  whole, 
viewed  from  the  surface,  looks  like  a  star  of  numerous 
fine  fibrils,  joined  centrally  so  as  to  form  single  loops. 


iii  —The  nudmr  spindle  a  8}rindle  shaped  ar 
ran^ement  of  fine  threads  of  (possibly)  achromatin 
extending  betieen  ti*o  opposite  points  of  the  cell 
protoplasm  these  points  are  the  poUa  and  the 
transverse  line   midway  between    them — t  e    at  the 


broadest  part  of  the  spindle — is  called  the  eguatm-. 
At  each  pole  the  threads  of  the  spindle  are  connected 
with  a  granule  of  the  cell  pvotoplasm,  the  pole  cor- 
puscle or  cenlrosome,  mentioned  on  a  previous  page ; 
from  the  centrosome  radiate  numerous  fine  fibrillie, 
connecting  the  centrosome  or  pole  corpuscle  with  the 
cell  protoplasm,  thus  forming  "  the  suits  "  or  aUractian- 
gpheres,  one  at  each  pole  (van  Beneden), 

The  above-named  sister  loops  so  arrange  themselves 
about  the  equator  of  the  spindle  as  to  form  a  star — 
tlie  mother-star,  monaster,  or  aster.  In  this  arrange- 
ment the  vertex  of  the  loops  is  directed  inwai-ds,  the 
open  limbs  outwards.  Seen  in  profile  the  aster  would 
appear  like  a  narrow  granular  -  looking  plate  of 
chromosomes — the  nuclear  i>late. 

iv. — Metakinesis  :  Of  each  pair  of  sister  loops  form- 
ing the  aster  one  loop  is  attracted  by — i.e.  ■mv^ta.'^aa 
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towards  one,  the  other  towards  the  other  pole  of  the 
spindle:  that  is,  towards  the  attractionspheres,  the 
vertex  of  the  loops  always  leading. 

V. — Diaster  :  arrived  at  the  pole,  the  loops  form 
again  an  aster  or  daughter  star  for  each  pole  (Fig.  1 2). 

vi. — Dispireme :  the  threads  of  each  star  become 
convoluted. 

Now  follows  usually  the  division  of  the  cell  proto- 
plasm in  the  line  of  the  equator  of  the  spindle. 

vii, — In  the  last  phase  all  traces  of  the  spindle  are 
lost;  a  membrane  appears  around  each  of  the  two 
new  nuclei,  and  the  threads  of  the  dispireme  become 
branched  and  connected  into  a  network. 

From  the  foregoing  it  is  clear  that  during  division 
an  intimate  fusion  between  cell  protoplasm  and 
nucleus  takes  place  :  (a)  by  the  fusion  of  the  nuclear 
interstitial  substance  with  the  cell  protoplasm  after 
the  disappearance  of  the  nuclear  membrane  ;  and  (6) 
by  the  connection  of  the  nuclear  spindle  with  the 
centrosomes  and  attractionspheres,  the  fibrils  of  the 
latter  being  part  of  the  cell  protoplasm. 

It  ought  to  be  mentioned,  however,  that  some 
histologists  do  not  regard  the  fibrils  of  the  nuclear 
spindle  as  part  of  and  derived  from  the  original 
nuclear  substance  (achromatin).  Boveri  regards  the 
fibrils  of  the  spindle  as  derived  from  the  cell  proto- 
plasm and  as  forming  part  of  the  attractionspheres 
— i.e.  those  fibrils  which  remain  connecting  the  two 
attractionspheres,  and  which  finally,  after  the  nuclear 
division  has  been  completed,  by  their  transverse 
division,  mark  off"  and  initiate  the  final  stage — that  is, 
the  division  of  the  cell  body. 

While  these  various  details  and  phases  in  the 
changes  and  division  of  the  centrosome  and  attrac- 
tionsphere  are  well  enough  marked  in  the  ovum,  as  is 
also  their  relation  to  the  chromosomes  of  the  dividing 
ovum  nucleus,  it  is  not  sufficiently  established  that 
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the  above  are  of  genei*al  occurrence  in  the  division  of 
adult  cells ;  the  attractionsphere  and  its  division  have 
been  observed  only  in  a  few  such  instances — e,g,  in 
the  leucocytes  of  salamander  and  man. 

In  some  cases  the  process  of  karyomjjiosis  has  been 
found  to  be  atypical,  inasmuch  as  some  of  the  above 
phases  are  left  out,  as  it  were ;  while  in  other  cases 
the  nuclear  division  takes  place  already  during  the 
earlier  phases — e.g,  in  the  phase  of  the  spireme. 
When  the  nucleus  divides  into  two  or  three  or  more 
nuclei  without  the  cell  protoplasm  also  undergoing 
division,  a  cell  with  two,  three,  or  more  nuclei  is  the 
result. 

Multiplication  of  the  nucleus  by  budding  and 
direct  fission  has  also  been  observed,  but  it  is  quite 
possible  that  this  process  is  only  as  a  sort  of  imper- 
fect and  abnormal  karyomitosis. 

This  mode  probably  plays  a  more  important  part 
than  the  typical  karyomitosis,  whenever  rapid  multi- 
plication and  reproduction  are  necessary.  Thus,  for 
instance,  while  in  the  epithelium  cells  covering  the 
anterior  surface  of  the  normal  cornea  of  the  newt  and 
frog  here  and  there  a  nucleus  can  be  seen  which 
shows  the  process  of  typical  karyomitosis,  such  forms 
cannot  be  found  in  cases  of  rapid  regeneration  of 
that  epithelium.  For  example,  after  removing  the 
whole  thickness  of  the  anterior  epithelium  from  the 
middle  part  of  the  cornea,  rapid  multiplication  of  the 
epithelium  cells  takes  place,  starting  from  those 
immediately  around  the  defect ;  in  consequence  of 
this,  in  two  or  three  days  the  defect  becomes  again 
quite  covered  with  the  new  epithelium.  Now,  ex- 
amining the  epithelium  cells  at  the  margin  of  the 
defect,  as  well  as  those  gradually  pushed  over  and 
covering  the  defect,  none  of  the  nuclei  are  found  in 
any  of  the  phases  of  typical  karyomitosis ;  while  a 
few  days  later,  after  the  defect  is  covered  by  tlv^  w^^ 
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epithelium,  there  is  no  difficulty  in  finding  nuclei  in 
one  or  another  phase  of  the  typical  karyomitosis. 
Paranuclei  and  cell  enclosures. — It    was 

mentioned  above  that  cells  may  and  do  include  in 
their  protoplasm  formed  substances  like  granules 
of  various  kinds,  fat  globules,  pigment,  etc.  ;  but  in 
addition  to  these,  and  distinct  from  the  attraction- 
spheres  mentioned  on  a  former  page,  occasionally  the 
cell  substance  includes  corpuscles  of  an  altogether 
different  nature.  These  corpuscles,  in  size  and  staining 
power,  resemble  the  cell  nucleus  or  parts  thereof,  and 
as  a  matter  of  fact  are  derived  from  the  cell  nucleus. 
Balbiani  has  called  such  bodies  in  the  ovum  cell 
'paranuclei^  and  Griitzner  has  applied  the  same  term 
to  those  that  occur  in  the  gland  cells  of  the  pancreas. 
Now  it  is  a  fact  that  preceding  the  segmentation 
of  the  ovum,  and  preceding  the  fusion  of  the  sperm- 
and  ovum-pronucleus,  part  of  this  latter  is  eliminated, 
and  the  same  occasionally  is  observed  to  take  place 
in  other  cells  prior  to  the  division  of  the  nucleus, 
as  also  under  various  pathological  conditions.  The 
eliminated  body  or  bodies,  known  as  polar  bodies, 
are  part  of  the  original  nuclear  substance,  principally 
the  chromatin.  The  paranucleus  is  as  a  rule  smaller 
than  the  cell  nucleus,  lies  close  to  this,  and  has 
similar  affinity  to  the  dyes  which  stain  the  nucleus 
itself. 
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BLOOD. 

9.  Under  the  microscope  blood  appears  as  a 
transparent  fluid,  the  liquor  sanguinis  or  plasma^  in 
which  float  vast  numbers  of  formed  bodies,  the  blood 
corpuscles.  The  great  majority  of  these  are  coloured ; 
a  few  of  them  are  colourless.  The  latter  are  called 
white  or  colourless  blood  corpuscles,  or  leucocytes  ;  the 
former  are  called  red  or  coloured  hlood  corpuscles,  or 
blood-discs.  They  appear  red  only  when  seen  in  a 
thick  layer;  when  in  a  single  layer  they  appear  of 
a  yellow-greenish  colour,  more  yellow  if  of  arterial, 
more  green  if  of  venous,  blood.  The  proportions  of 
plasma  and  blood  corpuscles  are  sixty-four  of  the 
former  and  thirty-six  of  the  latter  in  one  hundred 
volumes  of  blood.  By  measurement  it  has  been  found 
that  there  are  a  little  over  five  millions  of  blood  cor- 
puscles in  each  cubic  millimetre  (y g-Ja^y  of  a  cubic 
inch)  of  human  blood.  There  appears  to  be  in  healthy 
human  blood,  on  an  average,  one  white  corpuscle  for 
600-1200  red  ones.  In  man  and  mammals  the  re- 
lative number  of  blood  corpuscles  is  greater  than 
in  birds,  and  in  birds  greater  than  in  lower  verte- 
brates. 

The  number  of  red,  and  also  of  white,  corpuscles 
is  subject  to  variation,  both  in  health  and  disease. 
After  profuse  haemorrhage,  the  number  of  red  cor- 
puscles is  temporarily  greatly  reduced,  but  in  a  short 
time,  it  may  be  even  in  twenty-four  to  forty-eight 
hours,  they  may  approach  again  the  normaN.  Xixvo^^x  \ 


20  Elements  of  Histology, 

in  constitutional  chronic  diseases  the  number  of  red 
corpuscles  is,  as  a  rule,  decreased ;  so  also  in  anaemia, 
spontaneous  or  following  acute  infectious  diseases, 
fevers,  etc.  The  number  of  white  corpuscles  is  always 
greater  after  a  copious  meal  than  during  fasting. 
Certain  diseases  are  associated  with  a  decrease,  others 
with  an  increase,  of  the  white  corpuscles  of  the  cir- 
culating blood ;  the  decrease  when  pronounced  is 
spoken  of  as  leucopenia,  the  increase  as  leucocy- 
thcemia,  leucobniia^  or  leucocytosis. 

10.  The  red  blood  corpuscles  (Fig.  13)  of  man 
and  mammals  are  homogeneous  bi-concave  discs  (ex- 
cept in  the  camelidae,  where  they  are  elliptical),  and 
do  not  possess  any  surrounding  membrane  or  nucleus. 
Being  bi-concave  in  shape,  they  are  thinner  and 
more  transparent  in  the  centre  than  at  the  periphery. 
In  other   vertebrates   they    are    oval,  and   more   or 

less      flattened     from 
side  to  side,  and  each 
possesses      a      central 
oval  nucleus. 
„  .      ,  The     diameter    of 

Fig.  13. — Various  kinds  of  Red  Blood        ,i        i  i    i  i       j 

Corpuscles.  the  human   red  blood 

A,  Two  buiuan,  one  seen  flat,  the  other  COrpUSCle        is         about 

edgeways;   b,  a  red  coriaipcle  of  the  -,             /•                *       1^      ; 

camel;  c,  two  red  corpuscles  of  the  30^00     ^^     ^^     incn      in 

frog,  one  seen  from  the  broad,   the  i          j^u           •               T»       l 

other  from  the  narrow  Bide.  breaatn,         1,6,       aOOUt 

7*8  /x,  and  its  thick- 
ness about  Ya  Wo  ^^  ^^  inch.  But  there  are  always 
corpuscles  present  which  are  much  smaller  by  about 
one-third  to  one-half  than  the  others — microcytes.  In 
normal  blood  these  microcytes  are  scarce ;  but  in 
certain  abnormal  conditions,  especially  in  pernicious 
anaemia,  they  are  conspicuous  by  their  number. 

According  to  Gulliver,  Welcker,  and  others,  the 
following  are  the  average  diameters  of  the  red  blood 
corpuscles  of  various  vertebrates  :  Man,  -32 Vo  i  ^^S* 
3  300  '    cat,    ^J^^^^ ;    sheep,    ^^^^  ;    elephant,    ^^^5  ) 
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14.— Human  Blood,  fresh. 


hoi-se,  ^gVo  ;  "^"sk  deer,  ya^y^  ;  pigeon,  ^^^y  ;  toad, 
ToVs  ;  iiewt,  ^i^ ;  proteus,  ^^ ;  pike,  -^-^^-^ ;  shark, 
1 
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11.  In  a  microscopic  specimen  of  fresh  unaltered 
blood  (Fig.  14)  the  red  blood  corpuscles  form  peculiar 
short  or  long  rolls,  like 
so  many  coins,  from  be- 
coming adherent  to  one 
another  by  their  broad 
surfaces.  Under  various 
conditions  —  such  as 
when  isolated,  or  when 
blood  is  diluted  with  a 
7*5-1  p.c.  saline  solution 
or  solutions  of  other  salts 
(sulphate  of  sodium  or 
magnesium)  —  the  cor- 
puscles lose  their  smooth 
circular  outline,  shrink- 
ing and  becoming  crenate 
(Fig.  15,  a).  In  a  further  stage  of  shrinking  they 
lose  their  discoid  form,  and  become  smaller  and 
spherical,  but  beset  all  over  their  sur- 
face with  minute  processes.  This  shape 
is  called  the  horse-chestnut  shape  (Fig.  15, 
6,  c).  It  is  probably  due  to  the  cor- 
puscles losing  carbonic  acid,  as  the 
addition  of  the  acid  brings  back  their 
discoid  shape  and  smooth  circular  out- 
line. On  abstracting  the  carbonic  acid 
they  return  to  the  horse-chestnut  shape. 
Water,  acid,  alcohol,  ether,  the  electric 
current,  and  many  other  reagents, 
produce  decoloration  of  the  red  blood  corpuscles, 
the  coloured  matter — generally  the  combination  of 
the  blood- colouring  matter  with  globulin,  knoww 
as   hcemoylohin — becoming   dissolved  m  \X\^  ^^^xas^.. 


A,  Rouleaux  of  red  corpuscles ;  b,  iso- 
lated red  corpuscle  seen  in  profile  ;  o, 
isolated  red  corpuscle  seen  flat ;  d, 
white  corpuscles. 
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Fig.  15.— Human 
Red  Blood 
Corpuscles. 

o,    Crenate;  6,  c, 
liorso-chcstnut- 
shapcd. 
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What  is  left  of  the  corpuscles  is  called  the 
stroma.  In  newt's  and  frog's  blood  a  separation 
of  the  stroma  from  the  nucleus  and  haemoglobin  can 

be  effected  by  means  of 

O    C5  n'^^      p^  boracic  acid  (Fig.  16,  b); 

^4^     ^h      \h'  ^w  ^^c     *^®   former  is  called  by 


A 


YO  ^    ^^^  f^       Briicke   the   cekoid,    the 

latter  zooid.  This  stroma 


contains    amongst    other 


o 


Fig.   16.— Red    Blood   Corpuscles    of    things     much    paraglobu- 
Man  and  Newt.  i .  rm  x  /•  xt_ 

,,,,,,.       lin.      Ihe  stroma  of  the 

A,  Human  red  corpuscles  after  tlie  action  i  m  • 

of  tannic  acid;  a.  tbree  red  corimsclea,     COrpUSCleS  ot  amphibians 
from  which  the  hsemoKlobin  is  pass-     .       ^  ^ 

ing  out:  6, Roberts's  corpuscles.    B,   is    scen.    Under    ccrtam 

Newt's  red  corpuscles  after  the  action  '               . 

of  boracic  acid ;  a,  corpuscle  show-  rcafifents,    tO    be   01    a    re- 

ing  Brtlcke's    zooid   and   oekoid ;    &i  .  .       ,          ,                                  -, 

corpuscle   showing    the    reticulated  tlCUlated     StrUCturC,     but 

stroma;    c,    corpuscle    showing  the  .         i       «        i 

reticulum  in  the  nucleus;  rf,  the  nu-  m  the  fresh  state  aopearS 

cleus  passing  out.  J^^ 

homogeneous  and  pale. 
Decoloration  of  the  blood  corpuscles  can  also  be 
observed  to  take  place  in  blood  spontaneously  without 
the  addition  of  any  reagents  or  with  that  of  indifferent 
fluids,  such  as  the  aqueous  humour  of  the  eye,  hydro- 
cele fluid,  etc.  The  number  of  corpuscles  undergoing 
decoloration  under  these  conditions  is,  however,  small. 

When  blood  is  dried  on  a  glass  in  a  thin  film, 
the  corpuscles,  forming  a  single  layer  only,  dry  on 
before  they  shrink,  and  thus  retain  their  natural  size 
and  outline  ;  their  stroma  can  then  be  easily  stained 
with  aniline  dyes, 

12.  The  heBHiog^lobin  of  the  red  blood  cor- 
puscles forms  crystals  (Fig.  17),  which  differ  in  shape 
in  various  mammals.  They  are  always  of  microscopic 
size,  and  of  a  bright  red  colour.  In  man  and  most 
mammals  they  are  of  the  shape  of  prismatic  needles 
or  rhombic  plates ;  in  the  squirrel  they  are  hexagonal 
plates,  and  in  the  guinea-pig  they  are  tetrahedral  or 
octahedral. 

The  blood  pigment  itself  is  an  amorphous  dark- 
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brown  or  black  powder — the  hcematin  ;  but  it  can  be 
obtained  in  a  crystalline  form,  as  hydrochlorate  of 
hsematin  (Fig.  18).  These  crystals  also  are  of  micro- 
scopic size,  of  a 
nut-brown  colour, 
of  the  shape  of 
narrow  rhombic 
plates,  and  are 
called  hceinin  cry- 
stals, or  Teich- 
manvUs  crystals.  In 
extravasated  hu- 
man blood,  crystals 
of  a  bright  yellow 
or  orange  colour 
are  occasionally 
met  with ;  they  are  called  by  Virchow,  their  dis- 
coverer, luximatoidin.  They  are  supposed  to  be  iden- 
tical with  bilirubin,  obtainable  from 
human  bile. 

13.  The  white  or  colourless  cor- 
puscles, or  leucocytes,  are  in  human 
blood  of  about  tt^V..  to 


Fig.  17.— tJaiinoglobin  crystals. 
A,  Of  guinea-pig;  b,  of  squirrel ;  o,  d,  human. 


2  000 


2  sVtt  o^  a^  iiic^ 


Fi2.  18.— Hic-niin 


in  diameter— ie.  about  10  /i — and  are  crystals. 
spherical  in  the  circulating  blood  or  in 
blood  that  has  just  been  removed  from  the  vessels.  Their 
substance  is  transparent  granular-looking  protoplasm, 
some  containing  larger  or  smaller  distinct  granules. 
These  granules  are  not  all  of  the  same  nature,  as 
will  presently  appear.  In  some  kinds  of  blood,  notably 
horse's,  they  are  of  a  reddish  colour,  and  these 
corpuscles  were  supposed  by  some  observers  (Semmer 
and  Alexander  Schmidt)  to  be  intermediate  between 
red  and  white  corpuscles.  The  protoplasm  of  the 
colourless  corpuscles  contains  occasionally  glycogen 
(Ranvier,  Schafer).  In  the  blood  of  the  Iow^y  N^Y\fc- 
brates  the  colourless  corpuscles  are  ii\MCi\v\«^T^<st  \)aax^^ 
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in  mammals.  But  in  all  cases  they  consist  of  proto- 
plasm (spongioplasm  and  hyaloplasm),  include  one, 
two,  or  more  nuclei,  and  show  amoeboid  movement. 
This  may  be  observed  in  corpuscles  without  any 
addition  to  a  fresh  microscopic  specimen  of  blood, 
but  it  always   becomes   much   more    pronounced   on 


Fig.  19.— Phagocyte  (with  three  nuclei)  from  the  peritoneal  fluid  of  a 
guinea-pig,  previously  injected  intrapcritoneally  with  cholera  culture. 
The  interior  of  the  phagocyte  contains  numerous  degenerated  comma 
bacilli.    (Photo.  hi<jhly  magnified.) 

applying  artificial  heat  of  about  the  degree  of 
mammals'  blood.  It  is  then  seen  that  either  they 
throw  out  longer  or  shorter  filamentous  processes, 
which  may  gradually  lengthen  or  bo  withdrawn, 
or  the  corpuscle  changes  its  position  either  by  a 
flowing  movement,  or  it  pushes  out  a  filamentous  pro- 
cess and  shifts  its  body  into  it.  During  this  move- 
ment the  corpuscle  may  take  up  granules  from  the 
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soTTOiindiiig  fluid.  Leucocytes,  be  they  in  the  blood 
or  in  coHuective  tissue  or  lymph  gUinda  (see  below), 
tliat  can,  and  in  certain  circumstances  do,  tnke  up 
girauuiea  or  similar  matter  are  spoken  of  as  phagocytes 
(eating   cells)    (Figs.    19,    20).      Division   by  simple 


Mvage  of  leucocytes  of  the   blood    of  lower  verte- 
Iiaa   been   directly    observed    by    Klein  and 

14.  The    white   corpuscles   or   leucocytes  in  the 

B  sample  of  blood  differ  in  size  and  aspect.     They 

taybe  classed  into  three  groups:  (^n")T\ielymi)lw(cyt«, 
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a  small  cell  possessed  of  a  relatively  large  single  nucleus 
surrounded  by  a  narrow  zone  of  protoplasm.  (6)  The 
typical  leucocyte  or  hyaline  leucocyte  is  larger  than  the 
former,  contains  two,  three,  or  even  four  relatively 
small  nuclei;  its  cell  protoplasm  api)eai's  hyaline, 
but  includes   a   spongy   network.     This   leucocyte  is 


Fig.  21.— Frog's  Blood,  showing  red  blood  discs  and  one  oxyphile  white 

eell.    (riiotu.  highly  magnified.) 


as  regards  numbers  by  far  the  predominating  white 
corpuscle,  and  its  amci'lDoid  movement  is  very  striking, 
(c)  The  (/ranular  h'ucocjjte  forms  a  small  minority,  it 
contahis  a  single  large  nucleus,  occasionally  two,  and 
its  cell  protoplasm  contains  conspicuous  granules. 

The   lymphocytes  are  identical  with  similar  cor- 
puscles of  the  adenoid  tissue  of  lymph  glands,  from 
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which  in  all  probability  they  are  derived.  It  is  highly 
probable  that  they  are  young  forms  of  the  typical 
leucocytes.  The  granular  leucocytes — i.e.  the  white 
corpuscles  that  contain  real  granules — behave  dif- 
ferently when  subjected  to  staining  with  aniline  dyes. 
In  some  the  granules  stain  readily  with  acid  aniline 
dyes — e,g,  eosin — so  that  they  become  bright  red — 
eosinophile  (Ehrlich)  or  oxyphile  cells  (Fig.  21)  ;  in 
others  the  granules  stain  only  in  basic  aniline  dyes 
— hasophile  cells ;  in  still  others  they  stain  both  with 
acid  and  alkaline  aniline  dyes — neutrophile  or  ampho- 
phile.  What  the  exact  relation  of  these  different 
granule-cells  amongst  themselves  and  to  the  non- 
granular or  hyaline  cells  is,  is  not  definitely  established. 
But  it  appears  from  the  researches  of  Kanthack  and 
Hardy  that  in  the  frog,  at  any  rate,  and  probably  also 
in  the  mammal,  the  oxyphile  or  eosinophile  leucocyte 
does  not  act  as  a  phagocyte,  and  that  this  function  is  mo- 
nopolised by  the  other  or  hyaline  variety  of  leucocytes. 
15.  In  every  microscopic  specimen  of  the  blood 
of  man  and  mammals  are  found  a  variable  number 
of  large  granules,  more  or  less  angular, 
singly  or  in  groups.  According  to  f^ 
Max  Schultze  they  are  derivatives  of  /"^ 

broken-up   white    corpuscles ;    but   ac-        Q\  ^ 
cording  to  Bizzozero,  they  are  present  ^ 

already  in  the  living  and  fresh  blood,  0   « ^ 

as     pale,     circular,    or    slightly     oval    ^.5^.  22.-Hu.nan 
discs  (Fig.  22 y  b).     Their  size  is  only  bioou. 

-1-  to  \   of  that  of  the  red  blood  cor-    «.  ^'''\  ''''V"'  ,^'"': 

4  3  ])UscloB ;  h,  blood 

puscles.     They  are  called  by  him  bhod      piHtekts  of  inz- 

t»  11  1  i/»         Z(»zcro. 

platelets^  and  he  supposes  them  to  be  of 
essential  importance  in  the  coagulation  of  the  blood, 
originating  the  fibrin  ferment.  Hayem  described  them 
previously  as  being  intermediate  forms  in  the  de- 
velopment of  red  blood  corpuscles,  and  called  thenv 
hsematoplasts. 
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16.  Development  of  blood   corpuscles. — 

At  an  early  stage  of  embryonic  life,  when  blood  makes 
its  appearance  it  is  a  colourless  fluid,  containing  only 
white  corpuscles  (each  with  a  nucleus),  which  are  de- 
rived from  certain  cells  of  the  mesoblast.  These  white 
corpuscles  change  into  red  ones ;  the  protoplasm 
becomes  homogeneous  and  yellow ;  then  it  assumes  a 
flattened  shape,  and  is  in  reality  a  coloured  blood 
corpuscle  containing  a  pale  nucleus.  All  through 
embryonic  life  new  white  corpuscles  are  transformed 
into  red  ones.  In  the  embryo  of  man  and  mammals 
these  red  corpuscles  contain  their  nuclei  for  some 
time,  but  ultimately  lose  them.  New  red  blood  cor- 
puscles may,  however,  be  formed  also  by  division  of 
nucleated  red  corpuscles.  Such  division  has  been 
observed  even  in  adult  blood  of  lower  vertebrates 
(Peremeschko)  as  well  as  in  the  foetus  of  mammals. 

The  cells  of  the  mesoblast  which  give  origin  to 
vessels  (cysts  and  strands)  are  capable  of  producing 
by  budding  and  cleavage  new  white  cells,  which  ulti- 
mately change  into  red  corpuscles.  {See  formation  of 
blood-vessels.) 

An  important  source  for  the  new  formation  of  red 
corpuscles  in  the  embryo  and  adult  is  the  red  marrow 
of  bones  (Neumann,  Bizzozero,  Rindfleisch),  in  which 
numerous  nucleated  protoplasmic  cells  (marrow  cells) 
are  converted  into  nucleated  red  blood  corpuscles — 
erythrohlasts.  The  protoplasm  of  the  corpuscle 
becomes  homogeneous  and  tinged  with  yellow,  the 
nucleus  being  ultimately  lost.  The  spleen  is  also 
assumed  to  be  a  place  for  the  formation  of  red  blood 
corpuscles.  Again,  it  is  assumed  that  ordinary  white 
blood  corpuscles  are  transformed  into  red  ones,  but  of 
this  there  is  no  conclusive  evidence.  In  all  these 
instances  the  protoplasm  becomes  homogeneous  and 
filled  with  haemoglobin,  while  the  cell  grows  flattened, 
discoid,  and  the  nucleus  in  the  end  disappears. 
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Schafer  described  intracellular  (endogenous)  for- 
matign  of  red  blood  corpuscles  at  first  as  small  hgemo- 
globin  particles,  but  soon  growing  into  red  blood  cor- 
puscles in  certain  cells  of  the  subcutaneous  tissue  of 
young  animals.  Malassez  describes  the  red  blood  cor- 
puscles originating  by  a  process  of  continued  budding 
from  the  marrow  cells. 

The  white  corpuscles  appear  to  be  derived  from 
the  lymphatic  organs,  whence  they  are  carried  by  the 
lymph  into  the  circulating  blood. 
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CHAPTER     III. 

EPITHELIUM. 

1 7 .  Epithelial  cells  (Fig.  23) are  nucleated proto- 
plasmic  cells  forming  continuoits  masses  on  the  surface 
of  the  skin,  of  the  lining  membrane  of  the  alimentary 
canal,  the  respiratory  organs,  the  urinary  and  genital 
organs,  the  free  surface  of  the  conjunctiva,  and  the 
anterior  surface  of  the  cornea.  The  lining  of  the 
tubes  and  alveoli  of  secreting  and  excreting  glands, 
such  as  the  kidney,  liver,  mammary  gland,  testis  and 
ovary,  the  salivary  glands,  mucous,  peptic,  and 
Lieberkiihn's  glands,  the  sweat  and  sebaceous  glands, 
the  hair  follicles,  etc.,  consists  of  epithelial  cells. 
Such  is  the  case  also  with  the  sensory  or  terminal 
parts  of  the  organs  of  the  special  senses.  And, 
finally,  epithelial  cells  occur  in  other  organs,  such  as 
the  thyroid,  the  pituitary  body,  etc. 

The  hairs  and  nails,  the  cuticle  of  the  skin, 
certain  parts  of  the  rods  and  cones  of  the  retina,  and 
the  rods  of  Corti  in  the  organ  of  hearing,  are  modified 
epithelial  structures. 

Epithelial  cells  are  grouped  together  by  ex- 
ceedingly thin  layers  of  an  albuminous  interstitial 
cement  substance,  which  during  life  is  of  a  semi- 
fluid nature,  and  belongs  to  the  group  of  bodies 
known  as  globulins. 

18.  As  regards  shape,  we  distinguish  two  kinds 
of  epithelial  cells — columnar  and  squamous.  The 
cohimnar  cells  are  short  or  long,  cylindrical  or  pris- 
matic, pyramidal,  conical,   club-shaped,  pear-shaped, 
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or  spindle-shaped  ;  their  nucleus  is  always  more  or 
less  oval,  their  protoplasm  more  or  less  longitudinally 
striated,  being  a  spongy  reticulum  with  predominantly 
longitudinal  arrange- 
ment. On  the  free 
surface  of  the  cells 
— i.e,  the  part  facing 
a  cavity,  canal,  or 
general  surface — in 
many  instances  a 
bright  thinner  or 
thicker  cuticular 
structure  is  seen, 
with  more  or  less 
distinct  vertical  stri- 
ation.  The  conical 
or  spindle  -  shaped, 
club  -  shaped,  and 
pear-shaped  cells  are 
drawn  out  into 
longer  or  shorter 
single  or  branched 
extremities. 

The  aquainous  or  pavement  cells  are  cubical, 
polyhedral  or  scaly.  The  nucleus  of  the  former  is 
almost  spherical,  that  of  the  latter  flattened  in  pro- 
portion to  the  thinness  of  the  scales.  In  polyhedral 
cells  it  can  be  shown  that  the  uniform  granulation  is 
due  to  the  regular  honeycombed  nature  of  the  cell 
protoplasm. 

19.  As  regards  size,  the  epithelial  cells  differ 
considerably  from  one  another  in  different  parts,  and 
even  in  the  same  part.  Thus,  the  columnar  cells, 
covering  the  surface  of  the  villi  of  the  small  intestine, 
are  considerably  longer  than  those  lining  the  mucous 
membrane  of  the  uterus  ;  the  columnar  cells  lining 
the  larger  ducts  of  the  kidney  are  considerably  longer 


Fig.  23.— Various  kinds  of  Epithelial  Cells. 

A,  Columnar  cells  of  intestine;  b,  poljhedral 
cells  of  the  conjunctiva;  c,  ciliated  conical 
cells  of  the  trachea;  d,  ciliated  cell  of 
frog's  mouth ;  K,  inverted  conical  cell  of 
trachea ;  f,  squamous  cell  of  the  cavity  of 
mouth,  seen  from  its  l>road  surface;  o, 
squamous  cell,  seen  edgeways. 


32 


Elements  of  Histology, 


Fig.    24.  —  Three    Mi;cus-secreting 
Goblet  Cells. 

A,  From  tlie  Ptomach  of  newt ;  b,  from 
a  mucous  gland;  c,  from  the  sur- 
face of  the  mucous  membrane  of 
the  intestine. 


than  those  lining  the  small  ducts  ;  the  polyhedral 
cells  covering  the  anterior  surface  of  the  cornea  are 
considerably  smaller  than  those  on  the  surface  of  the 
lining  membrane  of  the  urinary  bladder;  the  scales 
lining  the  ultimate  recesses  of  the  bronchial  tubes — 

the   air    cells  —  are   con- 

lR.»^'?i  I'i;!  Wk  b\\       siderably     smaller    than 

those  on  the  surface  of 
the  membrane  lining  the 
human  oral  cavity  and 
oesophagus  (Fig.  24). 

20.  As  regards  ar- 
rangement, the  epithe- 
lial cells  are  arranged 
as  a  single  layer  or  are 
stratified,  forming  several 
superposed  layers  ;  in  the 
former  case  we  have  a  single-layered,  in  the  latter  a 
stratified  epithelium.  The  simple  epithelium  may  be 
composed  of  squamous  cells,  simple  squamous  or  simple 
pavement  epithelium;  or  it  may  be  com  posed  of  columnar 
cells,  simple  columnar  epit/telium.  The  stratified  epithe- 
lium may  be  stratified  pavement  or  stratified  columnar  ; 
in  the  former  case  all  or  the  majority  of  the  layers 
consist  of  squamous  or  polyhedral  cells;  in  the  latter 
all  cells  belong  to  the  columnar  kind.  Simple 
squamous  epithelium,  is  that  which  lines  the  air  cells, 
certain  urinary  tubules  of  the  kidney  (the  looped 
tubes  of  Henle,  the  cortical  parts  of  the  collecting 
tubes),  the  acini  of  the  milk- gland,  the  inner  surface 
of  the  iris  and  choroid  membrane  of  the  eyeball. 
Simple  columnar  epithelium  is  that  on  the  inner 
surface  of  the  stomach,  small  and  large  intestine, 
uterus,  small  bronchi,  ducts  and  acini  of  mucous  and 
salivary  glands,  of  some  kidney  tubules,  etc.  Stratified 
pavement  epithelium  is  that  on  the  epidermis,  the 
epithelium  lining  the  cavity  of  the  mouth,  pharynx, 
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and  oesophagus  in  man  and  mammals,  the  anterior 
surface  of  the  cornea,  etc. 

Functionally,  epithelium  can  be  classified  as  :  (a) 
tegmental — e.g,  the  epidermis  of  the  skin,  the  epithe- 
lium of  mucous  membrane  ;  (6)  as  secretory — e.g,  the 
epithelium  lining  the  alveoli  and  tubes  of  secreting 
glands,  the  liver,  the  kidney,  etc.;  (c)  sensory — e.g,  the 
epithelial-like  cells  forming  the  terminal  organs  of 
nerve  fibres — e.g.  in  the  retina,  in  the  organ  of  hearing 
(cochlea,  vestibule,  and  semicircular  canals  of  the 
internal  ear),  in  the  taste  buds,  in  the  olfactory 
membrane,  and  in  the  skin  ;  (d)  forming  special  horny 
organs — e.g.  hairs,  nails,  the  homy  papillae  on  the  tongue 
of  feline  animals  ;  {e)  some  specific,  not  well-understood 
function — e.g.  the  epithelium  covering  the  glomeruli 
of  the  Malpighian  corpuscles  of  the  kidney,  the 
epithelium  (or  endothelium)  forming  the  wall  of  blood- 
capillaries  and  lymph  vessels. 

•21.  The  epidermis  (Fig.  25)  consists  of  the 
following  layers  : — (a)  Stratum  corneum  :  this  is  the 
superficial  horny  layer,  and  it  consists  of  several 
layers  of  horny  scales,  without  any  nucleus.  Its 
layers  are  separated  from  one  another  by  narrow 
clefts  containing  air,  and  they  are  in  process  of  des- 
quamation. This  stratum  is  thickest  on  the  palm 
of  the   hand   and   fingers  and  the   sole   of  the  foot. 

(b)  The  stratum  ludduin^  composed  of  several  dense 
layers  of  horny  scales,  in  which  traces  of  an  ex- 
ceedingly    flattened    nucleus     may     be     perceived. 

(c)  Then  follow  many  layers  of  nucleated  cells, 
forming  the  stratum  or  rete  Malpighii  or  rete 
inucosum.  The  most  superficial  layer  or  layers  of  it 
are  flattened  scales,  which  are  characterised  bv  the 
presence  around  the  nucleus  of  globular  or  elliptical 
granules  of  the  nature  intermediate  between  pro- 
toplasm and  keratin.  Their  substance  is  called 
eleidin  by  Rauvier,  keratohyalin  by  Waldeyer  ;  these 
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cells     form     the    at/ratv/m    granuloi 
bans.       Deeper    down,  tlie  cells    ar 


m,    of    Laiiger- 

less   flattened 


horny  scales       (iSee  chapt^-i 


The  siratlfled 
patement  epiibe- 
linm  {Fig  26;  lining 
the  cavity  of  the  mouth, 
the  sutfaceof  the  tongue, 
the  phaijnx  and  ceso- 
phagus  of  mun  and  mam- 
mals, and  tlie  anterior 
suiface  of  the  cornea, 
etL ,  IS,  as  regai-ds  the 
style  and  arrangement 
of  the  cells,  identical 
with  the  strittuni  Mal- 
pighii  of  the  epidermis. 
The  cell  proto])lasm  is 
more  tiana|)aient  in  the 
former,  and  the  granular 
cells     of     the     stratum 
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granulosum  are  not  always  present,  but  they  generally 
are  in  the  epithelium  of  the  tongue  and  of  the  rest 
of  the  oral  cavity.  The  most  superficial  scales  show 
more  or  less  horny  transformation. 

23.  Stratified  columnar  epithelium  is  met 
with  on  the  lining  membrane  of  the  respiratory 
organs  :  in  the  larynx,  trachea,  and  large  bronchi. 
It  consists  of  several  layers  of  columnar  cells ;  a 
superficial  layer  of  conical  or  prismatic  cells,  with  a 
more  or  less  pointed  extremity  directed  towards  the 
depth ;  between  these  are  inserted  spindle-shaped 
cells,  and  finally  inverted  conical  cells. 

The  epithelium  of  the  ureter  and  bladder  is  called 
transitional  epithelium.  It  is  stratified,  and  the  most 
superficial  layer  consists  of  polyhedral  cells.  Under- 
neath this  is  a  layer  of  club-shaped  cells,  between 
which  extend  one  or  more  layers  of  small  spindle- 
shaped  cells. 

Amongst  the  columnar  epithelial  cells  occurring  in 
man  and  mammals  the  ciliated  cells  and  the  goblet 
cells,  and  amongst  the  squamous  cells  the  prickle  cells, 
deserve  special  notice. 

24.  Ciliated  cells  are  characterised  by  possess- 
ing a  bundle  of  very  fine  longer  or  shorter  hairs  or 
cilia  on  their  free  surface.  These  cilia  are  direct 
prolongations  of  the  cell  protoplasm.  More  correctly 
speaking,  the  cilia  are  continuous  with  the  filaments 
or  striae  of  the  cell  protoplasm.  The  superficial 
layer  of  conical  cells  of  the  epithelium  in  the  respira- 
tory organs,  the  columnar  cells  lining  the  uterus  and 
oviduct,  and  the  columnar  cells  lining  the  tubes  of 
the  epididymis,  possess  such  cilia.  In  lower  verte- 
brates the  ciliated  cells  are  much  more  frequently 
observed  ;  in  Batrachia  the  epithelial  cells  lining  the 
mouth,  pharynx,  and  (esophagus  are  ciliated. 

While  fresh  in  contact  with  the  membrane  which 
they  line,  or  even  after  removal  from  it,  provided  llkft 
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cells  are  still  alive,  the  ciliated  cells  show  a  rapid 
synchronous  whip-like  movement  of  their  cilia,  the 
cilia  of  all  cells  moving  in  the  same  direction.  The 
movement  ceases  on  the  death  of  the  cell,  but  may 
become  slower  and  may  cease  owing  to  other  causes 
than  death,  such  as  coagulation  of  mucus  on  the 
surface,  want  of  sufficient  oxygen,  presence  of  car- 
bonic acid,  low  temperature,  etc.  In  these  circum- 
stances, removal  of  the  impediment,  as  by  dilute 
alkalies,  will  generally  restore  the  activity  of  the 
cilia.  Moderate  electric  currents  and  heat  stimu- 
late the  movement,  strong  electric  currents  and  cold 
retard  it.  Reagents  fatally  affecting  cell  protoplasm 
also  stop  permanently  the  ciliary  action. 

25.  Goblet  or  chalice  cells  (Figs.  24,  27)  are 
cells  of  the  shape  of  a  conical  cup.  The  pointed  part 
is  directed  away  from  the  free  surface,  and  contains  a 
compressed  triangular  nucleus  surrounded  by  a  trace 

of  protoplasm.  The  body  of  the 
goblet  contains  mucus.  This  latter 
may  be  in  various  states  of  for- 
mation, and  may  at  any  time  be 
Fig.  27.— From  a  Ver-    poured    out   of   the   Cell.       Goblet 

tical  Section  through     "^    n  ,  i  x       -.i 

the  Epithelium  on    cells  are  most  commonly  met  with 
the  surface  of  the    amongst  the  epithelium  lining  the 

mucous     membrane  .  ®  *  <.  ®         ^ 

of  the  lai-ge  intes-    respiratory   organs,   the  surface  of 
rr,**"^*    w,  .     „  *ihe    stomach    and   intestines,    and 

Three  goblet  cells  aro  •    n         •  i        i         • 

seen pouriDK  out  tbeir    especially    in    mucous    fflands,    in 

mucus.    The  rest  are  *  »^  .  •  n  n 

ordiuary       columnar      whoSC     Secretmg     portlOU     all     Cells 

are  goblet  cells. 
The  protoplasm  of  columnar  cells  facing  a  free 
surface,  no  matter  whether  in  simple  or  stratified 
epithelium,  ciliated  or  non-ciliated,  may  undergo 
such  alteration  as  will  lead  to  the  transformation  of 
the  cell  into  a  mucus-secreting  goblet  cell.  This 
takes  place  during  life,  and  corresponds  to  an  im- 
portant  function   of  columnar   epithelial   cells — viz. 
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the  formation  of  mucus.  In  mucus-secreting  glands 
all  the  epithelial  cells  have  this  function  permanently, 
but  in  ordinary  columnar  epithelium  only  a  compara- 
tively small  number  of  the  cells,  as  a  rule,  undergo 
this  change,  and  then  only  temporarily ;  for  a  cell 
subject  to  it  at  one  time  may  shortly  afterwards 
resume  the  original  shape  and  aspect  of  an  ordinary 
protoplasmic,  cylindrical,  or  conical  epithelial  cell, 
and  vice  versd.  If  ciliated  cells  undergo  this  change, 
the  cilia  are  generally  first  detached. 

It  can  be  "shown  that  in  this  change  of  an 
ordinary  columnar  epithelial  cell  into  a  goblet  cell 
the  interstitial  substance  of  the  cell  reticulum  swells 
up  and  increases  in  amount,  the  meshes  enlarging  and 
distending  the  body  of  the  cell.  The  middle  and 
upper  part  of  the  cells  then  change,  first  into 
mucigen,  and  finally  into  mucin,  which  is  eventually 
discharged,  leaving  in  the  deeper  part  the  compressed 
nucleus  surrounded  by  a  trace  of  protoplasm  behind 
(see  Fig.  34). 

26.  Prickle  cells  (Fig.  25).— Amongst  the 
middle  and  deeper  layers  of  the  stratified  pavement 
epithelium,  such  as  is  present  in  the  epidermis  and 
on  the  surface  of  the  oral  cavity  and  pharynx,  we 
meet  with  a  close,  more  or  less  distinct  and  regular 
striation,  extending  from  the  margin  of  one  cell  to 
that  of  each  of  its  neighbours,  by  means  of  fine 
transverse  short  fibrils  which,  passing  from  proto- 
plasm to  protoplasm,  connect  the  surfaces  of  the  cells. 

27.  Pigmented  epithelial  cells — i.e.  epithelial  cells 
filled  with  black  pigment  particles  (crystals)  —  are 
found  on  the  internal  surface  of  the  choroid  and 
iris  of  the  eyeball. 

In  coloured  skins,  and  in  coloured  patches  of  skin 
and  mucous  membrane,  such  as  occur  in  man  and 
animals,  pigment  in  the  shape  of  dark  granules  is  found 
in  the  protoplasm  of  the  deeper  ep\t\\e\ia\  e^W^,  ^j&^q^ 
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as  in  branched  cells  situated  between  the  epithelial 
cells  of  the  deeper  layers.  Minute  branched  non- 
pig  naented  nucleated  cells  are  met  with  in  the 
interstitial  or  cement  substance  of  various  kinds  of 
epithelium,  simple  and  stratified — e.g.  epidermis, 
epithelium  of  oral  cavity,  cornea,  etc. 

28.  Epithelial  cells  undergo  division,  and  by  this 
means  a  constant  regeneration  takes  place.  In  those 
parts  where  the  loss  of  the  superficial  layers  of  cells  is 
conspicuous,  such  as  the  epidermis,  the  stratified  epi- 
thelium of  the  tongue  and  oral  cavity,  the  sebaceous 
follicles  of  hairs,  the  regeneration  goes  on  more 
copiously  than  at  places  where  no  such  conspicuous 
loss  occurs — as,  for  instance,  in  the  stomach  and  in- 
testines, the  secreting  glands,  or  sense  organs. 

In  the  stratified  pavement  epithelium  it  is  the 
cells  of  the  deepest  layers  which  chiefly  divide.  As 
a  rule,  this  division  takes  place  transversely  in  the 
cylindrical  cells,  but  may  also  occur  longitudinally  (A. 
Kollmann).  The  epithelial  cells  next  to  the  deepest 
layer  of  columnar  cells  are  to  a  great  extent  the  result 
of  the  division  of  the  latter,  and  as  this  proceeds  there 
is  a  gradual  shifting  of  the  older  cells  towards  the 
surface  and  a  simultaneous  flattening  of  the  cell 
protoplasm  as  well  as  the  nucleus. 

29.  The  interstitial  substance  between,  and  the 
protoplasm  of,  the  epithelial  cells  being  a  soft  flexible 
material,  the  cells  can  change  their  shape  and  arrange- 
ment owing  to  pressure  exerted  on  them  by  the  con- 
traction or  distension  of  the  subjacent  membrane. 
Thus  the  epithelium  lining  a  middle-sized  bronchus 
at  one  time  appears  composed  of  thin  columnar  cells 
in  two  layers ;  at  another,  as  a  single  layer ;  or  again, 
as  a  single  layer  of  short  columnar  cells :  in  the  flrst 
case  the  bronchus  is  contracted,  in  the  second  in  a 
medium  state  of  distension,  in  the  third  much  dis- 
tended.       Similar   changes   may  be    noticed    in   the 
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epithelium    lining    the    bladder    and    the    stratum 
MalpighiL 

The  interstitial  substance,  being  a  soft,  semi-fluid 
substance,  represents  the  paths  through  which  gmnules 
and  formed  particles  may  find  their  way  from  the  free 
surface  into  the  membrane  beneath,  or  vice  versd» 
Also  leucocytes  pass  out  in  certain  localities  from  the 
membrane  underneath,  between  and  into  the  substance 
of  epithelial  cells,  and  may  finally  be  discharged  on  to 
the  free  surface — e,g,  in  the  tonsils,  in  the  fauces  and 
pharynx  and  larynx.  Epithelial  cells  may  in  this  way 
include  in  their  substance  various  formed  particles : 
granules,  fat  globules,  leucocytes,  nuclei  of  leucocytes, 
etc.  Besides  these  cell  enclosures  and  the  paranuclei 
and  chromatin  granules  mentioned  in  a  former  para- 
graph, in  some  localities  [e.g.  stratum  Malpighii  of  the 
epidermis,  epithelium  of  the  oral  cavity,  pharynx  and 
oesophagus)  the  epithelial  cell  substance  undergoes 
a  partial  or  total  change  into  keratinous  substance, 
keratohyalin,  forming  a  mantle  around  the  unchanged 
cell  protoplasm  like  a  capsule. 
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CHAPTER    IV. 

ENDOTHELIUM. 

30.  The  free  surfaces  of  the  serous  and  synovial 
membranes,  and  of  those  of  the  brain  and  spinal 
cord,  the  posterior  surface  of  the  cornea  and  anterior 
surface  of  the  iris,  the  surfaces  of  tendon  and  tendon- 
sheaths,  the  lymph  sinuses  or  lymph  sacs  of  amphibian 
animals,  the  cavity  of  the  heart,  of  blood-vessels 
and  of  lymphatic  vessels,  are  lined  with  a  continuous 

endothelial  meinhrane,  composed  of 
a  single  layer  of  flattened  trans- 
parent squamous  cells,  called  endo- 
thelial  cells  (Fig,  28).  Each 
contains  an  oval  nucleus,  situated 
as  a  rule  excentrically.  [Just  as  in 
^^i^l~"?l°*^°*^*''^'""i    the    case  of  epithelium, 'the    endo- 

of  the  Mesentery  of     ,,     ,.    ,        n       i    .  •    •       i    i 

Cat.  thehal  cell  plates  are  joined   by   a 

The  outlines  of  the  endo-    fluid  or  semi-fluid  homogenoous  in- 

thelial  cells  and  tlie  •   •    7  .        7    .  t>  ^^ 

nucleus  of  the  latter    tcrstitiac  or  Cement  substance  oi  the 

are  well  shown.  ,  /•     i    i      t  -t-tTi 

nature  or  globulm.  When  examin- 
ing any  of  the  above  structures  fresh,  the  endothelial 
cells  are  not,  as  a  rule,  visible,  owing  to  their  great 
transparency;  but  by  staining  the  structures  with  a 
dilute  solution  of  nitrate  of  silver,  and  then  exposing 
them  to  the  influence  of  the  light,  the  cement  sub- 
stance appears  stained  black',  whereby  the  shape  and 
size  of  the  cell  plates  become  evident.  By  various 
dyes  also  the  nucleus  of  each  cell  plate  may  be  brought 
into  view. 

On   careful    examination,  and    with    suitable    re- 
asjents,    it  can  be  shown  that  each   endothelial  cell 


Endothelium. 


consists  of  a  homogeneous  g 
the  nuoleuB  and  around  it  i 
pears  granular  but  >ihi  h  11 
fibnllffi  being  arranged  in  a 


11  d  plate  In  it  Ilea 
I  Hiibstance  which  ap- 
a  t  bnllar  nature  the 
tw  ik    and  extending 


it^i'l 


in  manv  plaee^  up  to  the  naigin  of  the  ground 
plate  The  nucleus  is  limited  bj  a  n  embrane  and 
contains  a  well  de\  eloped  reticulum  Tie  bbrillie  of 
the  cell  substance  a|.pext  to  Ve  c  nnected  with  the 
nuclear  leticulum 

31  As  regards  slinpi,  endothehil  cells  differ 
considerably  Those  ol  the  [leuia  peiicaidium  pen 
toneum  and  endocaidium  of  man  and  ma-mmsi^  ^.t* 
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more  or  leas  polygonal,  or  slightly  elongated.  Theu' 
outlines  vary  ;  in  the  lining  of  the  lymph  sacs  of  the 
frog  they  are  much  larger,  and  of  very  sinuous  out- 
line ;  while  those  of  the  posterior  surface  of  the  cornea 


are  very  regular,  pentagonal,  or  hexagonal,  ha\'ing 
straight  outlines  in  the  perfectly  norma!  and  well-pre- 
served condition,  but  serrated  and  sinuous  after  they 
have  been  prepared  with  various  reagents  and  in  the 
abnormal  state  ;  the  endothelial  plates  lining  the  blood- 
vessels and  lymphatic  vessels  (Fig.  29)  are  narrow 
and  elongated,  with  more  or  less  sinuous  outlines.  In 
the  lymphatic  capillaries  the  endothelial  plates  are 
polygonal,  but  their  outline  is  serrated. 

32.  As  a  rule,  the  endothelial  cells  are  flattened — 
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i.e.  scaly^but  in  some  places  tliey  are  polyhedral, 
or  even  short  columnar.  Suiih  cells  occur  isolated  or 
in  small  groups,  or  covering  large  and  small  patches, 
nodular,  villous,  or  cord-like  structures  of  the  pleura 


S. 


l<^- 


Rabbit  proiHred  wLtbNltwteofHUver      (ffnnittool ) 

and  omentum,  on  the  synovial  membranes,  tunica 
vaguialiB,  testis,  etc  They  are  especiallj  olisenable 
in  considerable  numbers  in  the  pleura  and  omentum 
(Fig  30)  of  all  normal  subjects  (in  nian,  ape,  dog,  cat, 
and  rodent  animals) ,  their  number  and  frequencj  of 
occurrence  are  incieaaed  in  pathological  conditions 
(chronic  inflammations,  tuberculobis,  cancer,  eti.  ) 

These  endothelial  cells  are  tlip  ijeimmaling  endo 
tliehal   lells,  and  they  can    be    hhown.  to  Vift  \w  »». 
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active  state  of  division.  They  thus  produce  small 
spherical  lymphoid  (amceboid)  cells,  which  ultimately 
are  absorbed  by  the  lymphatics,  aTid  carried  into  the 
blood    system    as   white  blood  cor|iuscIes.      On    the 


Fig.  32.— Part  of  Oinentum  ■ 


aui-face  of  the  serous  membranes,  especially  the 
diaphragm  (Fig.  31)  and  pleura,  there  exist  minute 
openings,  »ttymata,  leading  from  the  serous  cavity  into 
a  lynipliatic  vessel  of  the  serous  membiune.  These 
stomata  are  olten  lined  by  germinating  cells, 

33.  In  the  frog,  germinating  cells  occur  in  great 
abundance  on  tbe  mesogastrium  and  the  part  of  the 
peritoneum  whicji  separates  the  jieritoneal  cavity 
from  the  cisterna  lyniphatica  magna.      TJiis  part  of 
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the  peritoneum  is  called  the  septum  cisternae  lym- 
phaticse  magnse,  and  on  it  occur  numerous  holes  or 
stomata,  by  which  a  free  communication  is  established 
between  the  two  cavities.  On  the  peritoneal  surface 
of  this  septum  the  stomata  are  often  bordered  by 
germinating  cells.  In  the  female  frog,  these  and 
other  germinating  endothelial  cells  of  the  peritoneum 
(mesogastrium,  mesenterium,  septum  cisternae)  are 
ciliated. 

34.  The  omentum  and  parts  of  the  pleura  are,  in 
the  adult  human  subject,  ape,  dog,  cat,  guinea-pig,  rat, 
etc.,  of  the  nature  of  a.  fenestrated  men ibrarie  (Fig.  32), 
bands  of  fibrous  tissue  of  various  sizes  dividing  and 
reuniting,  and  leaving  between  them  larger  or  smaller 
holes,  in  shape  oblong  or  circular.  These  holes  or 
fenestras  are  not  covered  with  anything,  the  endo- 
thelial cells  adhering  only  to  the  surfaces  of  the 
bands  without  bridging  over  the  fenestras.  On  the 
peritoneal  surface  of  the  diaphragm  the  endothelial 
cells  possess  a  different  arrangement  from  that  on 
the  pleural  side ;  on  the  former  surface  a  number  of 
lymph  channels  (that  is,  clefts  between  the  bundles 
of  tendon  and  muscle)  radiate  towards  the  middle  of 
the  central  tendon.  The  endothelium  of  the  free 
surface  over  these  lymph  channels  is  composed  of 
much  smaller  cells  than  at  the  places  between,  so 
that  the  endothelium  of  the  peritoneal  surface  of  the 
diaphragm  shows  numbers  of  radiating  streaks  of 
small  endothelial  cells.  Many  of  these  small  cells 
are  not  flattened,  but  polyhedral,  and  of  the  nature 
of  germinating  cells  (Fig.  31).  The  above-mentioned 
stomata  occur  amongst  these  small  endothelial  cells. 
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CHAPTER   V. 

FIBROUS   CONNECTIVE   TISSUES. 

35.  By  the  name  of  "connective  tissues"  we 
designate  a  variety  of  tissues  which  have  in  common 
with  one  another,  that  they  are  developed  from  the 
same  embryonic  elements ;  that  they  all  serve  as  sup- 
porting tissue  or  connecting  substance,  for  nervous, 
muscular,  glandular,  and  vascular  tissues ;  that  they 
are  capable  of  taking  one  another's  place  in  the 
different  classes  of  animals ;  that  in  the  embryo  and 
in  the  growing  normal  and  morbid  condition  one  may 
be  changed  into  the  other ;  that  in  the  adult  they 
gradually  shade  off  one  into  the  other ;  and  that  they 
yield  allied  chemical  products. 

Connective  tissues  are  divided  into  the  three  great 
groups  of  (1)  fibrous  connective  tissue;  (2)  cartilage; 
(3)  bone,  to  which  may  be  added  dentine.  Each  of 
these  is  subdivided  into  several  varieties,  as  will 
appear  farther  on ;  but  in  all  instances  the  ground 
substance,  or  matrix,  or  intercellular  substance,  is  to 
be  distinguished  from  the  cells.  In  the  fibrous  con- 
nective tissue  the  matrix  yields  collagen  or  gelatin, 
and  the  cells  are  called  connective-tissue  cells,  or  con- 
nective tissue  corpuscles.  In  the  cartilage  the  ground 
substance  yields  chondrin,  and  the  cells  are  called 
cartilage  cells.  In  the  third  group  the  ground  sub- 
stance contains  inorganic  lime  salts,  intimately  con- 
nected with  a  fibrous  matrix,  and  the  cells  are  called 
bone  cells. 

36.  The  fibrous  eoiineetivc  tissue,  or  ivhite 
fibrous  tissue,    occurs   in   the   skin    and   mucous 
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menibrrnics,  in  the  seroua  and  synovial  membranes, 
in  the  membranes  of  the  brain  and  ^pinal  cord,  in 
tendona  and  tendon  sheaths,  in  fascia  and  aponeuroses, 
in  the  intemmsciilar  tissue,  and  in  the  tissue  con- 
necting neighbouring  organs,  etc.  It  consists  of 
microscopic  band-like  or  cylindrical  iunrf/es  or  fasciculi 
of  exceedingly  fine  homogenioua  fibrils  (Fig,  33),  which 


Fll.33.— FlexuBor: 


are  known  as  the  ehmentary  connective-tiamie  Jibrih. 
According  to  the  number  of  these  the  bundles  differ 
in  size.  The  bundles,  and  also  their  constituent 
fibrils,  may  be  of  very  great  length — several  inches. 
Where  the  fibrous  tissue  forma  continuous  masses — 
as  in  tendon,  fascia,  aponeurosis,  skin,  and  mucous 
membrane — the  microscopic  bundles  are  aggregated 
into  smaller  or  larger  groups,  the  trahecvXeE,  and  these 
are  again  associated  into  groups.  The  fibrils  are  held 
together  by  an  albuminous  (globulin),  semi-fluid, 
homogeneous  cement  substance,  which  is  also  present 
between  the  bundles  forming  a  trabecida. 
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The  groups  of  bundles,  and  even  the  individual 
bundles,  are  in  some  localities  invested  with  an  elastic 
sheath — e.g,  in  the  trabeculse  of  bundles  in  the 
subcutaneous  tissue. 

On  adding  an  acid  or  an  alkali  to  a  bundle  of 
fibrous  tissue,  it  is  seen  to  swell  up  and  to  become 
glassy-looking,  homogeneous,  and  gelatinous.  Sub- 
jected to  boiling  in  water,  or  to  digestion  by  dilute 
acids,  the  bundles  of  fibrous  tissue  yield  collagen  or 
gelatin. 

37.  According  to  the  arrangement  of  the  bundles, 
the  fibrous  connective  tissue  varies  in  different  locali- 
ties. (1)  In  tendons  and  fascise  the  bundles  are 
arranged  parallel  to  one  another.  (2)  In  the  true 
skin  and  mucous,  serous,  and  synovial  membranes,  in 
the  dura  mater  and  tendon  sheaths,  the  trabeculse  of 
bundles  divide  repeatedly,  cross  and  interlace  very 
intimately  with  one  another,  so  that  thereby  a  dense 
felt- work  is  produced.  (3)  In  the  subcutaneous,  sub- 
mucous, or  subserous  tissue,  in  the  intermuscular 
tissue,  in  the  tissue  connecting  with  one  another 
different  organs  or  parts  of  the  same  organ — i.e.  inter- 
stitial connective  tissue— the  texture  of  the  fibrous 
tissue  is  more  or  less  loose,  the  trabeculse  dividing  and 
reuniting  and  crossing  one  another,  but  leaving  between 
them  larger  or  smaller  spaces,  cellulse  or  areolae,  so 
that  the  tissue  assumes  the  character  of  a  loose 
plexus,  which  is  sometimes  called  "  areolar  "  or  "  cel- 
lular tissue."  Such  tissue  can  be  more  or  less  easily 
separated  into  larger  or  smaller  lamellae,  or  plates  of 
trabeculse.  (4)  In  the  omentum  and  parts  of  the 
pleura  of  man,  ape,  dog,  cat,  and  some  rodents,  and 
in  the  subarachnoidal  tissue  of  the  spinal  cord  and 
brain,  the  trabeculje  form  a  fenestrated  iner)ibrane,  with 
larger  or  smaller  oval  or  circular  holes  or  fenestrae. 

38.  The  connective -tissue  cells  or  corpuscles 
i)pcurrin<j    iij    white    fibrous    tissue    are    of    several 
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varieties,     (a)  In  tendon  and  fascite  the  cells  are  called 
tendon  eelU  or  tendon  corpusclea ;  they  are  flattened 


nucleated    protoplasmic    cells  of  a  square  or  oblong 

shape  (Fig-  34),  forming  continuous  rows(8ingle  files), 

situated    on   the 

surface  of  groups 

o£     bundles     of 

fibrous       tissue. 

Between      these 


groups  are 

channels,  t/ie  in- 
terfa$eieulaT 
lymph  spaces, 
running  parallel 

with  the  long  '''f,„'^™fTtL''?."rcr>M™^%'u;n"f»u£ 

axis   of    the   ten-        goW  chlorme.    (Haadbaok.l 

.Ion     (Fig.    35).    *'f;™>,„«5«  ""'"•"•  ""  'h.."!!^!.™  ji.,^.wx 
The  cells  in  each      ^S3/£'?K|S^wrif  £'iS^^^ 

ated    from     one      d'i^™ie'*b'o™I't'b'e*ioDg  iii"'^n^r''[ii«e'r<"M 
another  by  a  nar-      ""'"■  wmiiei  wiui  ihe  \</ag  »ii  at  iUk  mo^ob. 
row  line  of  albu- 
minous cement  substance,  and  the  round  nucleus  of 
the  cell  is   generally  situated  at  one  end,  in  such  a 


tlie  nuclei  fac«  ea^h  other. 
individual  cells  undergo  di' 
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way  that  in  two  adjacent  cells  of  the  growing  tendon 
This  indicates  that  the 
ision.  Corresponding  to 
the  margin  of  each 
row,  the  cells  possess 
minute  processes.  The 
cell  plate  is  not  quite 
flat,  but   possessed    of 

three  membranous  pro- 
Fig,  M.-Fiom  the  Tall  of  a  Taiipoie.      jections   by    which    it 
I.  Bmncbcii^^conucM^t^ve  ifss^ue^ceiii;  m,    jg  wedged  in   between 
the  individual  bundles 
of  the  group  to  which  the  row  of  cells  belongs. 

3?.  (6)  In  the  serous  membranes,  cornea,  subcu- 
taneous tissue,  and  loose  connective  tissues,  the  cells 
are  flattened  transparent  cor- 
puscles, each  with  an  oblong 
flattened  nucleus,  and  more  or 
less  branched  and  connected  by 
their  processes.  In  the  cornea 
they  are  spoken  of  as  the 
corneal  corpuscles,  and  are  very 
richly  branched  (Fig.  37).  They 
ai-e  situated  boLween  the  lamellse 
of  flbi-ous  bundles  of  which  the 
ground  substance  of  the  cornea 
consists. 

These    corpuscles    are    also 
situated    in  the   interfascicular 
lymph    spaces,    or    spaces   left 
'''J?iM'*i"nii"fe[l«*''('iiro     between    the    bundles    of    the 
curiimlu:.'  utim.)  flbrous  matrix,  which  are  cavi- 

ties in  the  interatitia!  cement, 
cementing  the  buiidle.s  and  trabecule  together  (von 
Recklinghausen).  In  the  cornea  atid  sei-ous  mem- 
branes these  spaces   possess    tlie    shiipe  of   branched 


Dt  Kitten,  Bhowini; 
Network!  crthc  Bianc 
Corneal  t^orpiiscles. 
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lacuiue,  each  lacuna  beini^  tlie  home  of  the  body  of 
the  cell,  while  the  branches  or  caualiculi  contain 
its  processes.  These  canaliculi  form  the  channels 
by  which  neighbouring  lacunie  anastomose  with  one 
another  (Fig.  38).  The  cell  and  its  processes  do  not 
fill  up  the  lacuna  and  its  canaliculi,  but  ure  bathed 


r  fluid  contained  in  the  lymph 


■r",^^ 


-  <' 


f 


.h 


\/ 


1  the  paraplasm 
canal  system.  in 
loose  connective  tis- 
sue the  lacuna  may 
be  of  considerable 
size,  and  may  contain 
sevei'al  connective 
cells,  which  make  as 
it  were  a  lining  for 
it.  These  in  some 
places  are  very  little 
branched,  and  alniost 
form  a  continuous 
endotheloid  mem- 
brane of  flattened 
cells.  Such  is  the 
gub^pil/ielial  endol/ie- 
Httmo/Debove,  occur- 
ring underneath  the 
epithelium  on  t/ie 
«i)-/aceof  the  mucous 
membrane  of  the  bronclii,  bladder,  and  intestines. 
40.  (c)  In  the  true  stin  and  mucous  membranes 
the  connective- tissue  cells  are  also  branched  flattened 
corpuscles,  and  by  their  longer  or  shorter  processes 
are  connected  into  a  network  (Fig-  36).  Each 
cell  has  a  flattened  oblong  nucleus.  As  a  rule, 
some  of  the  processes  are  membranous  prolongations 
coming  ofi'  under  an  angle  from  the  body  of  the  cell, 
which  is  then  called  the  chief  plnte,  the  processes 
being  the  secondary  plates.     By  the  latter  the  cell  is 


"■~\'. 

^r 

) 

Fig.   3g.-Proni  the  Canto  ot 
luiL-dwitl.  Sit™t«rfHlly. 
iiigtli«Li-iiii.hc»™lS)'«teiii, 
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wedged  in  between  the  bundles  of  the  trabecula  to 
which  it  belongs. 

This  character  of  the  cells  (i.e.  possession  of 
secondary  plates)  is  well  shown  by  the  cells  of  the 
skin  and  mucous  membranes,  but  only  in  a  very 
limited  degree  by  those  of  the  cornea  and  serous  mem- 
branes, and  somewhat  better  by  some  of  those  of  the 
subcutaneous  and  other  loose  connective  tissues. 

In  the  skin  and  mucous  membranes  also  the  cells 
and  their  processes  are  bathed  in  the  paraplasma 
contained  in  the  interfascicular  lymph  spaces. 

41.  The  connective  -  tissue  corpuscles  hitherto 
mentioned  are  fixed  corpuscles ;  they  do  not  show 
movement.  Kuhne  and  ItoUett  ascribe  to  the  corneal 
corpuscles  a  certain  amount  of  contractility,  inasmuch 
as  they  are  said  to  be  capable  of  withdrawing  their 
processes  on  stimulation.  When  this  ceases  they 
are  said  again  to  protrude  them.  According  to 
Strieker  and  Norris,  they  acquire  contractility  when 
the  corneal  tissue  is  the  seat  of  inflammatory 
irritation.  It  can  be  shown  that  the  connective- 
tissue  cells  consist,  like  the  endothelial  plates, 
of  a  ground  plate  and  a  fibrillar  reticulated  (granular- 
looking)  substance  around  the  nucleus,  and  extending 
beyond  the  ground  plate  into  the  processes  of  the 
cell. 

42.  Pig^ment  cells. — In  the  cold-blooded  verte- 
brates, fishes,  reptiles,  and  amphibian  animals,  we 
find  certain  branched  nucleated  connective-tissue  cor- 
puscles, distinguished  by  their  size  and  by  the  proto- 
plasm both  of  the  cell-body  and  processes  (but  not  of 
the  nucleus)  being  filled  with  pigment  granules.  The 
pigment  is  either  grey  or  yellow,  or  more  commonly 
dark  brown,  or  even  black.  These  cells  are  called  pig- 
mented connective-tissue  cells,  or  simply  pigment  cells. 
They  are  very  numerous  in  the  skin  of  fishes,  reptiles, 
and  amphibian  animals,  and  also  around  and  between 
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the  blood-vessels  of  the  uerous  membranes.  They  are 
eJho  present  ia  man  and  mammals,  but  then  they  are 
chiefly  limited  to  the  eye-ball,  where  they  occur  in  the 


F  g  19  —P  fcn  eot  Cells  at  tbe  Tb  1  ot  Tsdpole. 


proper  tisaue  of  the  ins  of  all  but  albino  and  bright 
blue  eyes,  an  1  n  the  t  s'^ue  ot  the  choro  1  n  en  brane 
In  dark  eye  of  ma  n  als  a  large  nu  ber  of  tiese 
cells  are  foun  1  n  the  t  ss  e  I  etw  ef  n  the  aclerot  cad 
choroid,  as  the  la     na  fusca  and  also  bat  to  a  more 
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limited  degree,  in  the  sclerotic.  As  a  rule,  they  appear 
to  be  of  various  kinds  :  such  as  are  flattened,  large 
plates  perforated  by  a  number  of  small  and  large  holes 
and  minute  clefts ;  such  as  possess  a  more  spindle- 
shaped  body,  and  long,  thin,  not  very  richly  branched 
processes ;  and  intermediate  forms  between  the  two. 
But  on  careful  examination  it  will  be  seen  that  these 
appearances  are  due  to  different  states  of  contraction 
of  the  same  kind  of  cells  (Fig.  39). 

43.  In  the  lower  vertebrates  the  dark  pigment 
cells  show  marked  contractility,  inasmuch  as  they  are 
capable  of  altogether  withdrawing  into  their  body  the 
pigmented  processes.  Tn  the  passive  state  these  are 
exceedingly  numerous,  and  form  a  network  so  dense 
that  the  whole  mass  of  the  cells  and  their  paraplasma 
resembles  an  extremely  close  network  of  pigment. 
In  the  maximum  of  activity  the  pigmented  processes 
disappear,  being  withdrawn  into  the  cell-body,  which 
now  looks  like  a  spherical  or  oblong  mass  of  black 
pigment.  Between  the  states  of  passiveness  and 
maximum  activity  there  are  various  intermediate 
grades,  in  which  the  pigmented  processes  are  of 
various  numbers  and  lengths. 

44.  Owing  to  the  great  number  of  the  pigment 
cells  in  the  skin  of  fishes  and  amphibians,  the  state 
of  contraction  of  these  cells  materially  affects  the 
colour  of  the  skin.  If  the  dark  pigment  cells  of  a 
particular  part  contract,  the  skin  of  this  particular 
part  will  become  liojhter  and  brighter,  the  degree  of 
lightness  and  brightness  depending  on  the  degree  of 
contraction  of  the  pigmented  processes  by  the  cells. 
Briicke  has  shown  that  darkness  is  a  stimulus  to  the 
pigmented  cells  ;  tliey  contract  and  the  skin  becomes 
light.  Sunlight  leaves  the  pigmented  cells  in  the 
passive  state,  their  pigmented  processes  numerous 
and  well  branched,  and  the  skin  appears  therefore 
of  a  darker  colour.     If   previously   they    have  been 
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ooittracted  by  darkness,  on  being  exposed  to  sunlight 
thoy  again  return  to  the  passive  state.  The  contrac- 
tion of  tlie  pigiiient  cells  is  under  the  direct  influence 
of  the  nervous  system  (Lister).  Poucliet  pi-oved  that 
the  contractility  of  the  pigment  cells  of  the  skin  of 
certain  fislies  is  influenced  as  a  reflex  action  by  tjie 
stimulation  of  the  retina,  by  light. 

45.  Fel    cells.— Flit   cells    in    the    ripe    and 
fully-formed  state  are  spherical,  large  vesicles,  each 


consisting  {a)  of  a  thin  •protoylavmie  nieatbrane,  which 
at  one  point  includes  an  oval  nucleus  flattened  from  side 
to  side,  and  (b)  ot  a  substiuce,  whicli  in  a  /at  ylobule 
falling  the  cavity  of  the  vesicle  (Fig  -10).  These  fat 
cells  are  collected  togethei  by  hbrous  connective 
tissue  into  smaller  oi  krgei  yroups,  which  in  their 
turn  form  Miu/pi  these  again  form  by  means  of 
thickei  masses  ot  fibious  connective-tissue  hbes,  and 
these  are  finalh  luranged  as  continuous  masses.  Each 
group  and  lobule  has  its  affeii'nl  arteriole,  one  or  two 
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efferent  vei-na,  aud  a  dense  network  of  capillaries 
between  ;  eacb  mesh  of  ths  capillary  network  holding 
one,  two,  or  three  fat  cells  {see  below).  Such  are  the 
nature  and  arrangement  of  fat  or  adipose  tissue  in 
the  subcutaneous  and  suhnmcous  tissue,  in  the  aei-ous 


PH«glt 


rbotitgrapk  by 


and  synoM.ll  membranes  in  the  intermuiiCiilat  tissue, 
in  the  loose  tissue  connectnig  orgars  or  [  arts  of 
organs 

It  can  be  shown  that  fat  ctUs  are  deniel  from 
ordmarv  (.onnectue  tissue  cells  In  sonie  places— 
both  in  the  embrjo  and  adult— the  protoplasm  of  the 
connective-tissue  corpuscles,  growing  in  size,  becomes 
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filled  with  small  fat  globules,  which,  increasing  in 
number,  become  fused  with  one  unolher  to  larger 
globnies ;  as  their  size  thus  inci-eades  the  cell  nucleus 
becomes  shifted  to  the  periphery ;  ultimately  one 
lat^  fat  globule  fills  the  cell,  and  what  is  left  of  the 


cell  protoplasm  surrounds  this  fat  globule  likti  a  mem- 
branous envelope.  The  cell  as  a  whole  has  become  in 
this  pi-ocess  many  times  its  original  siKe  (Fij;.  H). 

46.  It  can  also  be  shown  that  where  at  one  time 
only  few  isolated  cotinective-tisaue  coi-puscles  are 
present,   at    another   time,  in   the    natural   state  of 
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growth,  and  especially  under  very  favourable  con- 
ditions of  nutrition,  the  connective-tissue  cells  become 
increased  by  cell-multiplication  so  as  to  form  groups  ; 
these  groups  continue  to  increase  in  size  and  to  be 
gradually  furnished  with  their  own  system  of  blood- 
vessels ;  the  individual  cells  constituting  the  group 
become  then  converted  into  fat  cells,  and  their  pro- 
cesses are  thereby  lost  (Fig.  42). 

Isolated  connective  -  tissue  cells  situated  in  the 
neighbourhood  of  small  blood-vessels  are  converted 
into  fat  cells  under  favourable  conditions  of  nutrition. 

In  starvation  the  fat  cells  lose  their  fat  globule, 
they  become  smaller  and  contain  a  serous  fluid,  which 
may  ultimately  also  disappear.  Finally,  the  fat  cell 
may  be  reduced  to  a  small,  solid,  protoplasmic,  slightly 
branched  cell. 

47.  In  many  places  the  fibrous  connective  tissue 
includes,  besides  the  fixed  cells,  others  which  show 
amoeboid  movement,  wandering  cells.  These  are  of 
various  kinds,  like  those  of  the  blood  :  (1)  A  majority 
are  identical  with  the  typical  hyaline  leucocytes  of 
the  blood,  as  regards  size,  shape,  aspect,  and 
general  nature  (Fig.  36,  m).  They  wander  about 
through  the  spaces  of  the  fibrous  tissue.  They  con- 
tain two  or  three  nuclei.  (2)  Those  of  the  second 
variety  possess  a  small  amount  of  protoplasm,  and  one 
comparatively  large  nucleus ;  they  correspond  to  the 
lymphocytes  mentioned  in  connection  with  the  white 
blood  corpuscles.  The  amoeboid  movement  of  these 
cells  is  not  so  distinct  as  in  the  first  variety.  (3) 
Plasma  cells  of  Waldeyer.  They  ai'e  larger  than  the 
former,  less  prone  to  migrating,  being  possessed  of 
only  slight  amoeboid  movement,  which  is,  however, 
sufficiently  pronounced  to  be  detected.  They  always 
contain  granules,  and  correspond  to  the  granular  cells 
mentioned  of  the  blood ;  also  in  regard  to  their  predi- 
lection for  acid  and  basic  aniline  dyes   they  may  be 


Fibrous  Connective  Tissues,  59 

distinguished  as  eosinophile  or  oxyphile,  basophile 
or  neutrophile  cells.  The  "  granules "  in  some  of 
the  plasma  cells  may  change  into  fat  globules,  and 
thus  the  plasma  cell  becomes  convei^ted  into  a  fat 
cell. 

48.  The  wandering  cells  occur  almost  in  all  loose 
fibrous  tissues,  chiefly  around  or  near  blood-vessels ; 
they  are  not  numerously  met  with  in  the  healthy 
state,  but  increase  greatly  in  the  state  of  inflamma- 
tion of  the  part.  Those  of  the  larger  kind — e.g.  the 
granular  wandering  cells  or  plasma  cells,  are  met  with 
in  certain  localities  only ;  in  the  sub-lingual  gland  of 
the  dog  and  guinea-pig  they  occur  in  numbers  between 
the  gland  tubes  or  acini.  They  are  also  found  in  the 
mucous  membrane  of  the  intestine,  in  the  trabecular 
of  the  lymphatic  glands,  and  in  the  omentum.  The 
"  granules "  of  these  cells  under  many  conditions 
change  into  fat  globules.  Just  like  the  hyaline 
leucocytes  of  the  blood  so  also  those  of  the  connective 
tissues  are  capable  of  swallowing  minute  particles  of 
extraneous  matter — granules  of  living  (bacteria)  and 
non-living  matter  that  accidentally  find  entrance  into 
the  connective  tissue.  These  cells,  when  acting  in 
this  capacity,  are  called  phagocytes. 

49.  Development  of  fibrous  tii^sue. — Fibrous 
connective  tissue  is  developed  from  embryonic  connec- 
tive-tissue cells — i.e.  from  spindle-shaped  or  branched 
nucleated  protoplasmic  cells  of  the  mesoblast.  The 
spindle-shaped  cells  are  met  with  isolated  or  in 
bundles,  as  in  the  umbilical  cord  or  embryonic  tendon. 
The  branched  cells  form  a  network,  as  in  the  foetal 
skin  and  mucous  membrane.  In  both  instances  the 
protoplasm  of  the  embryonic  connective-tissue  cells 
increases  rapidly  in  amount,  and  becomes  gradually 
transformed  into  a  bundle  of  elementary  fibrils,  with 
a  granular-looking  interstitial  substance.  The  nucleus 
Qf  the  original  cell  finally  disappears,     h.  moditlca^tvcwa. 
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of  thiB  la  when  only  part— generally  uniUteral — of 
the  cell  substance  ib  concerted  into  a  bundle  of  eon 
nective  tissue  fibrils  and  inter  fabnllar  cement  sub- 
stance A  lemnant  of  the  protoplasm  persists  with 
the  nucleus  as  a  connective  tissue  cell 

The  same  modes  of  formation  of  connective  tissue 
may  be  albo  observed  m  the  adult  under  normal  and 
pathological  conditions 

50  Fibrous  connective  tissue  is  in  most  places 
associated  with 
elastic  fibres  or 
yellow  elastic 
tissue  These 
are  of  bright 
aspect  of  \an 
able  thickness 
and  length, 
branching  and 
anastomosing  so 
iS  to  form  net- 
^vo^kB(Flg  43) 
They  are  some 
times  straight, 
often 
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visted 
Mled 
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The 


fiHsiic     lattei  condition 
ni  ros   ijii™  1  iiia^  be  observed 

when  the  tissue 
is  shrunk,  the  former  when  it  is  stretched.  They  do 
not  swell  up  in  acids  or  alkalies,  nor  yield  gelatin 
on  boiling,  but  contain  a  chemically  different  sub- 
stance— viz.  elastin.  When  broken  their  ends 
generally  curl  up. 

51.  Elastic  fibres  occur  in  great  numbers  as  net- 
works extending  on  and  between  the  bundles  of  fibrous 
tissue    in   the   skin   and   mucous   membranes,   in  the 


Fibrous  Connective  Tissues.  6i 

serous  and  synovial  membranes,  and  in  the  loose  in- 
terstitial connective  tissues.  They  are  not  very  com- 
monly met  with  in  tendons  and  fasciae  ;  in  the  fornrer 
they  are  seen  as  single  fibres  often  twisting  round  the 
tendon  bundles. 

Elastic  fibres  forming  bundles,  but  branched  and 
connected  into  networks  within  the  bundle,  are  to  be 
found  in  large  numbers  in  the  walls  of  the  trachea, 
bronchi,  infundibula,  and  alveoli  of  the  lung,  in  the 
ligamenta  flava,  in  the  ligamentum  nuchse  of  the  ox 
(in  which  the  fibres  are  exceedingly  thick  cylinders), 
in  yellow  elastic  cartilage  {see  below),  in  the  mem- 
brane lining  the  cavity  of  the  heart,  and  in  the 
vascular  system,  particularly  the  arterial  division. 
In  the  latter  organs  the  intima,  and  also  to  a  great 
extent  the  media,  consist  of  elastic  fibrils  densely 
connected  into  a  network. 

52.  The  following  are  special  morphological  modi- 
fications of  the  elastic  fibres :  {a)  elastic  fenestrated 
membranes  of  Henle,  as  met  with  in  the  intima  of 
the  big  arteries ;  these  are  in  reality  networks  of 
fibres  with  very  small  meshes,  and  the  fibres  unusually 
broad  and  flat,  (b)  Homogeneous  elastic  membranes^ 
which  surround,  as  a  delicate  sheath,  the  connective- 
tissue  trabeculse  in  some  localities  — e.^.  subcutaneous 
tissue,  (c)  Homogeneous-looking  elastic  membranes 
in  the  cornea,  behind  the  anterior  epithelium  as  Bow- 
man^ s  anterior  elastic  membrane^  and  at  the  back  of 
the  cornea  as  elastica  posterior,  or  Descemeis  mem- 
brane;  in  the  latter  bundles  of  minute  fibrils  have 
been  observed.  Between  the  mucosa  and  submucosa 
of  the  stomach  of  the  cat  occurs  an  elastic  membrane 
of  considerable  thickness,  {d)  Elastic  trabeculse  form- 
ing a  network,  as  in  the  ligamentum  pectinatum  iridis. 
In  the  embryonic  state  the  elastic  fibres  are  nucleated, 
the  nuclei  being  the  last  remnants  of  the  cells  from 
which  the  fibres  develop,  one  cell    generally   ^\n\w^ 
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origin  to  one  fibre.     These  nucleated  fibres  are  called 
Henle's  nucleated  fibres. 

•  53.  Special  varieties  of  fibrous  connective  tissue 
are  these : — 

(1)  Adenoid  reticulum.  This  is  a  network  of  fine 
fibrils,  or  plates,  forming  the  matrix  of  lymphatic  or 
adenoid  tissue.  {ISee  Lymphatic  glands.)  The  reti- 
culum is  not  fibrous  connective  tissue  nor  elastic 
tissue ;  it  contains  nuclei  in  the  young  state,  and  is 
derived  from  a  network  of  branched  cells  ;  but  in  the 
adult  state  the  reticulum  itself  possesses  no  nuclei. 
Those  found  on  it  do  not  form  an  essential  part  of  it. 

(2)  The  neuroglia  of  Virchow  is  a  dense  network 
of  very  fine  homogeneous  fibrils  which  form  the  sup- 
porting tissue  for  the  nervous  elements  in  the  central 
nervous  system.  These  fibrils  are  supposed  to  be 
elastic  fibres  (Gerlach).  Embedded  in,  and  inti- 
mately connected  with,  the  network  of  these  fibres 
are  found  branched,  nucleated,  flattened  cell  plates, 
which  correspond  to  the  fixed  connective- tissue  cells. 

(3)  Gelatinous  tissue.  This  occurs  chiefly  in  the 
embryo,  being  the  unripe  state  of  fibrous  connective 
tissue  {see  above).  It  consists  of  spindle-shaped  or 
branched  connective-tissue  cells,  separated  from  one 
another  by  a  homogeneous  transparent  mucoid  sub- 
stance. It  is  met  with  in  the  umbilical  cord  and 
in  the  cavity  of  the  middle  ear  of  the  embryo,  and  in 
all  places  where  fibrous  connective  tissue  is  to  be 
developed.  After  birth  it  is  found  in  the  tissue  of 
the  pulp  of  the  teeth,  where  it  persists  through  life ; 
in  some  places  it  is  the  precursor  of  fat  tissue,  its  cells 
becoming  transformed  into  fat  cells. 
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CHAPTER    VI. 

CARTILAGE. 

54.  Cartllag^e  consists  of  a  firm  ground  sub- 
stance which  yields  chondrin,  and  of  cells  embedded 
in  it.  Most  cartilages  (except  on  the  articulating 
surface)  are  covered  on  their  free  surface  with  a 
membrane  of  fibrous  connective  tissue  with  a  few 
elastic  fibrils.  This  membrane  is  supplied  with 
blood-vessels,  lymphatics,  and  nerves,  and  is  of 
essential  importance  for  the  life  and  growth  of  the 
cartilage.  This  is  the  perichondrium.  There  are 
three  varieties  of  cartilage. 

55.  (1)  Hyaline  cartilage(Fig.  44).— This  occurs 
on  the  articular  surfaces  of  all  bones ;  on  the  borders 
of  many  short  bones ;  in  the  sternal  part  of  the  ribs, 
as  costal  cartilages;  at  the  margin  of  the  sternum, 
scapula,  and  os  ileum  ;  in  the  rings  of  the  trachea, 
the  cartilages  of  the  bronchi,  the  septum  and  lateral 
cartilages  of  the  nose ;  and  in  the  thyroid  and  cricoid 
cartilages  of  the  larynx.  The  ground  substance  is 
hyaline — i.e.  transparent,  like  ground  glass,  and  firm. 
The  cells  are  spherical  or  oval  protoplasmic  corpuscles, 
each  with  one  or  two  nuclei.  They  undergo  division, 
and  although  the  two  offsprings  are  at  first  close 
together  (half  moon-like  in  optical  section),  they 
gradually  grow  wider  apart  by  the  deposit  of  hyaline 
ground  substance  between  them.  The  cells  are  con- 
tained in  cavities,  called  the  cartilage  lacunoi.  Each 
cell  generally  occupies  one  lacuna,  but,  according  to 
the  progress  of  division,  a  lacuna  may  contain   two, 
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four,  8ix,  or  eiglit  cartilage  cells ;  the  latter  are  those 
cases  in  which  division  proceeds  at  a  mote  rapid  rate 
than  the  deposition  or  formation  of  hyaline  ground 
substance  between  the  cells. 

The  part  of  the  cartilt^e  next  to  the  perichon- 
drium shows  most  active  growth;  hence  the  cells  are 
here  smaller,  closer  together,  and  there  is  less  ground 
substance. 

Each  lacuna  is  lined  by  a  delicate  membrane,  and, 
according  to  the  state  of  the  cell,  is  eitlier  completely 
or  partially  filled  out  by 
it.  This  membr&ne  is 
called  (/iecnpsw;e(Fig, 44). 
In  many  cartil^es,  espe- 
cially in  growing  cartilage, 
it  is  thickened  by  the  ad- 
dition of  a  layer  or  layers' 
of  hyaline  ground  sub- 
stance. This  is  the  most 
recently-formed  part  of 
thematrix;  it  stains  differ- 
ently with  dyes,  and  is  dis- 
tinct from  the  older  part 
of  the  ground  subatanoe. 

56.  In  some  places,  especially  in  articular  carti- 
If^e  {Tillmanns  Babev),  bundles  of  fine  connective- 
tissue  tibrils  may  be  noticed  in  the  hyaline  ground 
substance. 

57,  In  some  cartilages  the  protoplasm  of  the  cell 
becomes  filled  with  fat  globules  (Fig.  46).  This  fact 
may  be  observed  in  many  normal  cartilages ;  some- 
times the  fat  globules  become  confluent  into  one  large 
drop,  and  then  the  cell  lias  the  appearance  of  a  fat 
cell.  In  old  age,  disease,  and  deficient  nutrition  lime 
salts  are  deposited  in  the  gioiind  sulwtimce,  beginning 
from  the  circumference  of  the  cell.  The  earthy  matter 
appears  in  the  shajie  of  o]Miqui'  granules,  or  ii-regular 


or  angular  granules.  The  ground  sulistfuice  thereby 
loses  its  transparency,  becomes  opaque  in  transmitted, 
white  in  re- 
flected, light, 
and,  of  course, 
very  hard  and 
brittle.  This 
process  is  the 
calcification  of 
cartilage.  It  is 
also  met  with 
in  cartilage 
that  is  to  be 
replaced  by 
Ixnie,  being  the 
precursor  of  the 
formation  of 
bone,  as  in  the 
embryo  (see  be- 
low), and  at  the 
growing  ends  of 
long  bones. 

58.  The  division  of  the  nucleus  of  the  cartilage 
cells  has  been  observed  during  life  by  Schleicher  and 
Flemming.  It  takes  place  after  the 
mode  of  karjokinesis.  The  lacunie 
of  the  cartilage  are  not  isolated 
cavities,  but  are  connected  with  one 
another  by  fine  channels  (Fig.  45), 
so  that  the  ground  substance  is 
easily  permeable  by  the  current  of 
nutritive  fluid.  These  channels  and 
lacunie  form  an  intercommunicating 
system,  and  are  connected  with  the 
lymphatics  of  the  perichondrium 
(Budge).  Formed  mattei-,  as  pig- 
ment granules,  red  and  white  blood 
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corpuBcles,  and  pus  corpuscles,  may  also  find  its  way 
into  the  channels  and  lacunee  of  the  cartilage  from 
tile  perichondrium. 

At  the  borders  of  articular  cartilage,  where  this 
ie  joineH  to  the  synovial  memlnane  and  to  the  capsule 
of  the  joint,  the  cartilage  cells  are  more  or  less  branched, 
and  pasB  insensibly  into  the  branched  connective  tissue 
cells  of  the  membrane.  In  fcetai  hyaline  cartilage 
many  of  the  cella  ace  spindle-iihaped  or  branched. 

59.  Jn  the  cartilage  separating  the  bone  of  the 
apophyses  from  the  end  of  the  diaphyais  of  tubular 
bones  there  is  a  peculiar  hyaline  cartilage,  known  as 
the  inlemtediale  or  ossifyvng  cartilage.  Its  cells  are 
arranged  in  characteristic  vertical  rows,  owing  to 
the  continued  division 
^■^..,  I  ,  of  the  cells  in  a  trans- 

J!©)     (Oj'Voyo   o,  O    'O".        ^■^'■^^  direction. 


i,  or  parts 
_-  jQi  "  r\  ot  cartilages,  in  which 

fr'  „  _ ,-       _.  tlie     cells     are     very 

-'i,  -        «  *J  ".  closely   placed,    owing 

'-^}  *?      ,  .0         to     the     absence,     or 

-  .'2  -         "^     Q  ,y  scanty      deposit     and 
i '--                          ^       Q.         formation,    of  ground 

*      ,-q'  substance,    are    called 

-  (o'  ,P  f^"!         parenchymatous  or  cel- 
■;,V-'          ■  C>.            O]       0'  lufar  cartilage. 

"         ■-     ^  60.  (2)Fibro-car- 

Fig.47.-Fibro-Cartii.geofnninier.       lilatfe,  or  connective- 
vcrkhn.1  u««ue«t.  (Atia^)  ^-^.^^^^  cartilage,  occurs 

owing thB^tpuuiite ofobrous^tiHaiie ind  ^^^  ^^iq  intervertebral 
discs,  as  the  inter- 
articular  cartilages,  sesamoid  cartili^es,  and  as  the 
cartilage  forming  the  margin  of  a  fossa  glcnoidalis. 
/(  cottsiels  of  Jibroxis  conrvciitm  tissue  lu-nmged  in 
bundles,  and  these  again  in  layers.  Thi-  ground  sub- 
stance of  this  cartilage  is  said  to  yield  chondrin  and 
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not  gelatin.  Bet»  een  tie  strata  of  the  fibrous  bundles 
are  rows  of  more  or  less  flattened  o  al  ppot  j  lasniic 
nucleated  cells,  each  invested  n  a  dt^licate  e  psule 
{Pig.  47).  They  are  leas  flattened  than  the  elU  of 
tendon,  and  the  capsule  d  s- 

tinguishes  the  two    Where    ^i^W^^i^^BMMg 
fibro-cartilage    passes   into      -^    —      "   ^ 
tendinous  tiss  e    the    two  —  "^^   *"    — 

kinds  of  cells  pass    nae  '~*.,t^  ^fc* 

siblf  into  one  another 

61.  (3)  Vellow  or 
elastic  caitilaipe  Th  a 
variety  is  also  called  reti 
cular  ;  it  occurs  in  the  epi 
glottis,  in  the  pinna  of  tl  e 
ext«nial  ear  m  the  E  is 
tachian  tube  in  the  car 
tilages  of  Wrisbeig  anl  ^^  *  e  L"  a  " '^^c  j  ""*" 
Santorini  in  the  la  ynx  i-  n  b  n  ud  &  n  »  1.  i 
In  the  earlj  stages  tl  is  ^nc  '  "  '^'^  ^  ■' 
kind  is  hyaline     Gradually 

numbers  of  elastic  hbnls  make  tl  eir  i\\  |ieai'a  ice 
growing  into  the  cart  lage  n  at  x  fiom  tie  pei 
chondrium  n  a  more  or  leas  ^ert  cal  1  reel  o  itil 
branching  and  anastoiuosit  g  th  o  e  ot)  cr  Jl  e 
final  stage  is  reaci  ed  when  tie  ^loui  1  huhat  ii-e  is 
permeatedby  htse  ittuorks  J  el  slicJiO} t!s (h  „  -It") 
so  arranged  that  sphe  cal  or  oblong  hj  a  es  rt  left 
each  of  which  coi  ta  ns  01  e  or  two  <i  t  laje  II 
surrounded  by  a  smaller  or  la  ^er  i.  e  i  I  j  I  e 
ground  tmbstat  e 
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CHAPTER     VII. 

BONE. 

62.  Bone,  or  osseous  substance,  is  associated  with 
several  other  soft  tissues  to  form  a  bone  in  the  ana- 
tomical sense  of  the  word. 

(a)  The  periosteum. — Except  at  the  articular 
surfaces,  and  where  bones  are  joined  with  one  another 
by  ligaments  or  cartilage,  all  bones  are  covered  with  a 
vascular  membrane  of  fibrous  connective  tissue.  This 
is  the  periosteum.  It  consists  in  most  instances  of 
an  outer  fibrous  layer ^  composed  of  bundles  of  fibrous 
tissue  densely  aggregated,  and  an  inner,  or  osteogenetic 
layer,  which  is  of  loose  texture,  consisting  of  a  mesh- 
work  of  thin  bundles  of  fibrous  tissioe,  in  which 
numerous  blood-vessels  and  many  protoplasmic  cells 
are  contained.  The  blood-vessels  form  by  their  capil- 
laries a  network.  The  cells  are  spheroidal  or  oblong, 
each  with  one  spherical  or  oval  nucleus.  They  have 
to  form  bone-substance,  and  are  therefore  called  the 
osteoblasts  (Gregenbaur). 

(b)  The  cartilage  is  hyaline  cartilage,  and  its 
distribution  on  and  connection  with  bone  have  been 
mentioned  on  pp.  63  and  64. 

63.  (c)  The  marrow  of  bone  is  a  soft  vascular 
tissue,  filling  up  all  spaces  and  cavities.  It  consists 
of  a  very  small  arnount  of  fibrous  tissue  as  a  matrix, 
and  in  it  are  embedded  numerous  blood-vessels  and 
cells.  The  few  afferent  arterioles  break  up  into  a 
dense  network  of  capillaries,  and  these  are  continued 
as  plexuses  of  veins,  characterised  by  their  compara- 
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tively  large  size  and  exceedingly  thin  walls.  The 
cells  are  of  the  same  size,  aspect,  and  shape  as  the 
osteoblasts  of  the  osteogenetic  tissue,  and  they  are 
called  marrow  cells. 

In  origin  and  structure,  the  tissue  of  the  osteo- 
genetic layer  of  the  periosteum  and  the  marrow  are 
identical  In  the  embryo,  the  marrow  is  derived 
from  an  ingrowth  of  the  osteogenetic  layer  of  the 
periosteum  {see  below),  and  also  in  the  adult  the  two 
tissues  remain  directly  continuous.  As  will  be  shown 
later,  the  marrow  at  the  growing  ends  of  the  bones 
is  concerned  in  the  new  formation  of  osseous  substance 
in  the  same  way  as  the  osteogenetic  layer  of  the  peri- 
osteum is  in  that  of  the  surface ;  and  in  both  tissues 
the  highly  vascular  condition  and  tlie  cells  (osteo- 
blasts of  the  osteogenetic  layer,  and  marrow  cells  of 
the  marrow)  are  the  important  elements  in  this  bone 
formation.  Marrow  is  of  two  kinds,  according  to 
the  condition  of  the  cells.  If  many  or  most  of  these 
are  transformed  into  fat  cells,  it  has  a  yellowish  aspect, 
and  is  called  yellow  marrow  ;  if  few  or  none  of  them 
have  undergone  this  change,  it  looks  red,  and  is  called 
red  marrow.  In  the  central,  or  marrow,  cavity  of  the 
shaft  of  tubular  bones,  and  in  the  spaces  of  some 
spongy  bones,  the  marrow  is  yellow ;  at  the  ends  of 
the  shaft,  in  the  spongy  bone  substance  in  general, 
and  in  young  growing  bones  it  is  red. 

Some  of  the  cells,  especially  those  of  red  marrow, 
tlie  erythroblasts,  are  the  elements  from  which  nor- 
mally vast  numbers  of  red  blood  corpuscles  are 
formed,  as  has  been  mentioned  on  a  former  page. 

In  marrow,  particularly  in  red  marrow,  we  meet 
with  large  multinucleated  cells,  called  myeloplaxes  of 
Robin,  They  are  derived  by  overgrowth  from  ordin- 
ary marrow  cells,  and  are  of  importance  both  for 
the  absorption  as  also  for  the  formation  of  bone 
{see  below).     According  to  Heitzmann,  Malassez,  and 
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otliers,  they  also  have  to  do  with  the  formation  of 
blood-veBsels  and  blood  corpuscles.  Numerous  eosino- 
phile  cells  are  present  iii  the  marrow. 

64.  The  mntrix  of  osseous  subsiaove  is  dense 

plexiform  fibrons  connective  tissue,  i.e.  a  tissue  yield- 
ing gelatin  on  boiling.  The  cement  substance  between 
the  fibrils  is  petrified,  owing  to  a  deposit  of  insoluble 
inorganic  lime  salts,  chiefly  carbonates  and  phosphates. 
These  can  be  dissohed  out  by  =itrong  acids  (hydro- 
chlonc)  and  are  theieby  converted  into  soluble  salts. 
Thus  the  oiganic  matrix  of  osseous  substance — called 
oiievn — -may  be  obtained  as  a  soft  flexible  material, 
easdy  cut 

In  vount;  bone  the  matrix  or  ossein  is  a  plexus  of 
ti-abecul-e  of  fibrous  tissue  (v  Ebnei),  and  in  it  are 
also  a  few  elastic  fibrps  to  be  noticed 

The  bone  sulistanee  is  in  the  adult  state  generally 
laiifllafed  the  lamellse  being  of  microscopic  thinness. 
Between  e\ery  two  lamellie  are  numbers  of  isolated, 
flattened,  oblong  spaces — the  boiw  lactmre  (Fig.  49), 
which  anastomose 
by  numerous  fine 
canals  with  one 
another,  and  also 
.  ^__j_  with    those  of   the 

Iuk       ""^  *'''■ "       next  lamella  above 

^  ^^^  and  below  (Fig.  50). 

/(^  ji**"  1  he  appearances  are 


^ 


Al|^         lJ^^  ^ ^""y  ^'"ii'^i'  "*  those 

J^        -l*^  -       presented     by    the 

'  lacunte  and   canali- 

culi  containing  the 

*^'^b™e7acuui"' nnd  ™ian c ul I'tetK*'"^  Corneal       corpuscles 

(.ttiai.)  '  as  described  in 

Chapter  V, 
The    bone    lacunte  and    their    canaliculi    are  the 
lyin|>h-canalicularsysteniofosseoiis  substance,  for  they 
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are  in  open  and  free  communication  with  the  lymphatic 
vessels  of  the  marrow  apacea  and  of  the  Haversian 
canals. 

65.  In  the  bone  matrix,  each  lacuna  contains  also 
a  nucleated  protoplasmic  cell,  called  tbe  hone  celi, 
which,  however,  does  not  fill  it  completely.     In  the 
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young  state  the  cell  is  branched,  the  brunches  passing 
into  the  canaliculi  of  the  lacunfe  ;  but  in  the  old  rotate 
only  traces  of  the  original  nucleated  cell  and  very  few 
processes  can  be  detected ;  this  with  its  lacuna  and 
canaliculi  is  called  a  lione  eorpuade, 

66,  According  to  the  arrangement  of  the  bone 
Rubstance,  we  distinguish  coiiii>nct  from  spongy  sub- 
stance.    The  former  occurs  in  the  shaft  of  tubular 


72  Elemeijts  of  Histology. 

bones  and  itt  the  outer  layer  of  flat  and  short  bones. 
Its  lamellfe  are  arranged  as :  (a)  oonwaVric  or  Uaveraian 
lamellfp,  directly  surrounding  the  Haversian  canals 
(Fig.  51).  These  are  narrow  canals  of  varying  lengths 
pervading   the   compact  substance  in  a  longitudinal 
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direction,  and  anastomosing  with  one  another  by 
transverse  or  oblique  branches.  Tlie  Haversian  canals 
near  the  marrow  cavity  are  larger  than  those  near 
the  periosteum.  In  fact,  those  next  to  the  marrow 
cavity  become  gradually  enlarged  by  absorption  of 
the  concentric  lamellse,  until  finally  they  are  fused 
with  the  marrow  cavity.  Each  Haversian  canal  con- 
tains a  blood-vessel,  one  or  two  lymphatics,  and  a 
variable  amount  of  marrow  tissue.  These  canals  open 
both  into  the  marrow  cavity  and  on  the  outer  surface 
into  the  osteogenetic  layer  of  the  periosteum,  and 
they  form  the  means  by  which  the  latter  remains  in 
continuity  with  the  marrow.    Each  canal  is  .surrounded 
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by  a  g&rtes  of  concentric  bofie  lanwllo-  u  itk  tlie  honf 
coTptitclea  between  them  and  this  is  a  s>ystetii  of  cmv- 
txntrte  lameUa  Neat  the  extfmal  surface  of  the 
compact  substance  the  number  of  lamelle  m  each 
aystem   la   Bmaller  than   in   the    deepei    patts      (h) 
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Between  these  systems  of  concentric  lamellte  are  the 
inlerm^diate  or  {/round  lainellce ;  they  run  in  various 
directions,  and  in  reality  till  the  interstices  between 
tlie  systems  of  the  Haversian  or  concentric  laniellse. 
Near  the  external  surface  of  long  bones  they  have  pi'e- 
eminently  a  direction  parallel  to  the  surface.  These  are 
the  eircwin/erential  lameUte  of  Tomes  and  do  Morgan, 
The  ground  lamella;  are  the  earliest  to  be  developed, 
being  the  matrix  of  the  fii-st-fornied  sjiongy  bone, 
and    diey  we   the   last   to  disappear  where  bone  is 
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melted  down  in  the  marrow  cavity.  The  concentric 
lamellae,  on  the  other  hand,  are  the  last  to  be  formed 
where  spongy  bone  is  converted  into  compact  bone, 
and  they  are  the  first  to  become  absorbed  where  com- 
pact bone  is  reduced  again  to  spongy  bone,  as  near 
the  central  marrow  cavity.  The  lamellae  of  compact 
bone  are  perforated  by  perpendicular  petrified  fibres, 
the  'perforating  fibres  of  Sharpey.  They  form  a  con- 
tinuity with  the  fibres  of  the  periosteum,  from  which 
they  are  developed,  through  the  lamellae  of  osseous 
substance  deposited  by  the  osteogenetic  layer  of  the 
periosteum  (Fig.  51a). 

67.  Spongy  bone  substance  occurs  in  the  end  of 
the  shaft,  in  the  apophyses,  in  short  bones,  and  in  the 
diploe  of  flat  bones.  The  cavities  of  meshes  of  the 
spongy  substance  are  called  Haversian  spaces  or  can- 
celli ;  they  intercommunicate  with  one  another,  and 
are  filled  with  marrow,  which  in  the  young  and  grow- 
ing state  is  generally  of  the  red  variety.  The  firm 
parts  form  spicules  and  septa,  called  hone  trabeculce, 
of  varying  length  and  thickness,  and  are  composed  of 
lamellae  of  bone  substance. 

According  to  the  arrangement  of  the  trabeculae, 
the  spongy  substance  is  a  uniform  honeycombed  sub- 
stance, or  appears  longitudinally  striated,  as  in  the 
end  of  the  shaft.  In  the  latter  case  the  marrow 
spaces  are  elongated  and  the  trabeculae  more  or  less 
parallel,  but  anastomosing  with  one  another  by 
transverse  branches. 

68.  development  of  bone. — Bone  is  developed 
in  the  embryo,  and  continues  to  be  formed  also  after 
birth  as  long  as  bone  grows,  either  in  the  cartilage 
or,  independently  of  this,  directly  from  the  osteo- 
genetic layer  of  the  periosteum.  The  former  mode 
is  called  endochondral^  or  intracartilaginons ;  the  latter 
periosteal,  or  intermemhranous  formation. 

All  the  bones  of  the  limbs  and  of  the  vertebral 
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column,  the  sternum,  and  the  ril^s,  and  the  bones 
forming  the  base  of  the  skull,  are  preformed  in  the 
early  embr}'o  as  solid  hyaline  cartilage,  covei-ed  with 
a  membrane  identical  in  structure  and  function  with 
the  periosteum,  which  at  a  later  period  it  represents. 
This  cartilage  is  eventually  replaced  by  bone — 
endochondral  hon/e.  The  tegmental  bones  of  the 
skull,  the  bones  of  the  face  with  the  lower  jaw, 
except  the  angle,  are  not  preformed  as  cartilage  at 
all.  Only  a  membi-ane  identical  with  the  futui-e 
periosteum  is  present,  and  underneath  and  from  it 
the  bone  is  gradually  deposited — periosteal  hone.  The 
same  deposit  of  periosteal  bone  takes  place  on  all 
bones,  no  matter  what  their  origin,  and  this  disposi- 
tion of  layer  after  layer  of  bone  by  the  osteogeiietic 
layer  of  the  periosteum  represents  the  (jrowfh  of  the 
bone  in  thickness, 

69.  Endochondral  formation. — The  stage 
next  to  the  one  (1)  in  which  we  have  solid  hyaline 
cartilage  covered  with  periosteum  is  the  following : 
(2)  Starting  from  the  "  centre,  or  point,  of  ossitica- 
tion,"  and  proceeding  in  all  directions,  the  cartilage 
becomes  permeated  by  numbers  of  channels  (cartilage 
channels)  containing  i)rolongations  (periosteal  pro- 
cesses of  Virchow)  of  the  osteogenetic  layer  of  the 
j>eriosteum — i,e.  vessels  and  osteoblasts,  or  marrow 
cells.  This  is  the  stage  of  the  vascidarisatlon  of  the 
cartilage.  In  the  next  stage  (3)  the  cartilage  border- 
ing on  these  channels  grows  more  transparent,  the 
lacunae  becoming  enlarged  and  the  cartilage  cells 
more  transparent.  The  latter  gradually  break  down, 
while  the  intercellular  trabeculje  become  caicijUd  ; 
the  lacunae,  by  absorption  of  the  calcified  trabeculie, 
fusing  with  the  cartilage  chainiels.  These  latter 
thereby  become  transformed  into  irregidar  cavities, 
which  are  bordered  by  trabecuhe  of  calcified  cartilage. 
The  cavities  are  the  j^rimary  inarrow  cavities,   and 
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selK  and  ost€o- 
blaste,  derived, 
as  stated  above, 
from  the  osteo- 
genetic  layer  of 
the  periosteum. 
(4)  The  osteo- 
arrange 
by 

active  multipH- 
cationin  aspecial 
layer  on  the  sur- 
face of  the  calci- 
fied cartilage 
trabecule  pro- 
jectiug  into  and 
bordering  the  ' 
primary  marrow 
cavities.  The 
osteoblasts  farm 
botie  substance — 
osseous  matrix 
and  branched 
bone  corpuscles 
— and  as  this 
proceeds,  the  cal- 
cified cartildffe 
traheculm  become 


sJieaihed  and 
covered  with  a 
layer  of  osseojts 
substance.  Thus 
the  original  car- 
tlie  apjiearance  of  a  spongy 
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substance,  in  which  the  cavities  (primary  marrow 
cavities)  are  filled  with  the  primary  marrow,  and 
are  of  ^nsiderable  size,  while  the  trabeculse  bor- 
dering them  are  calcified  cartilage  covered  with 
layers  of  new  bone.  The  marrow  cells,  or  osteo- 
blasts, continue  to  deposit  bone  substance  on  the 
free  surface  of  the  trabeculae,  while  the  calcified 
cartilage  in  the  centre  of  the  trabeculje  gradually 
becomes  absorbed. 

70.  The  nearer  to  the  centre  of  ossification,  the 
more  advanced  is  the  process — i.e.  the  more  bone  and 
the  less  calcified  cartilage  is  found  constituting  the 
trabeculje,  and  the  thicker  the  latter.  At  the  "  centre 
of  ossification,"  i.e.  whence  it  started,  the  process  is 
farthest  advanced ;  away  from  it,  it  is  in  an  earlier 
stage.  At  this  period  of  embryo  life,  between  the 
centre  of  ossification  and  a  point  nearer  to  the  ex- 
tremity of  the  shaft  of  a  long  bone,  all  stages  described 
above  may  be  met  with — viz.  between  the  solid 
unaltered  hyaline  cartilage  at  the  end  of  the  shaft 
and  the  spongy  bone  with  the  unabsorbed  remains  of 
calcified  cartilage  in  the  middle  of  the  shaft  all 
intermediate  stages  occur  (Fig.  52). 

71.  After  birth,  and  as  long  as  bone  grows,  we 
find  in  the  end  of  the  shaft,  and  also  in  the  epiphysis, 
a  continuation  of  the  process  of  endochondral  forma- 
tion described  above.  In  fact,  all  bones  preformed 
in  the  embryo  as  cartilage  grow  in  length  before  and 
after  birth  by  endochondral  formation  of  new  bone. 
The  hyaline  cartilages  at  their  extremities,  the  carti- 
lage of  the  epiphysis,  the  intermediate  cartilage  at 
the  end  of  the  shaft,  are  the  cartilages  at  the  expense 
of  which  the  new  bone  of  the  epiphysis  and  of  the 
end  of  the  shaft  respectively  are  formed  by  the  marrow 
(blood-vessels  and  marrow  cells  or  osteoblasts)  in 
contact  with  the  cartilage.  As  long  as  this  cartilage 
continues  to  grow,  so  long  is  there  new  formation  of. 
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bone  by  the  niftrrow  epcroaohitig  on  it,  or,  in  otbei' 
words,  so  long  is  there  growth  in  length  of  the  shaft. 
When  at  a  certain  period  of  adult  life  th*  growth 
of  the  intermediate  cartilage  has  come  to  an  end,  the 
cartilage  is  completely  replaced  by  the  spongy  bone 
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of  the  end  of  the  shaft,  and  this  is  not  cupable  of 
Eurther  lengthening. 

72.  Following  the  development  of  a  tubular  bone 
after  the  above  mentioned  stage  4,  we  find  that  the 
spongy  bone  once  formed  is  not  a  peimanent  structure; 


but  becomes  gradually  absorbed  altogether,  and  this 
process  also  starts  from  the  points  of  ossification. 
Thus  a,  gradual  enlargement  aiid  ultimate  fusion  of 
the  marrow  cavities  of  the  spongy  endochondral  bone 
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into  one  continuous  cavity  takes  place.  This  repre- 
sents the  rudiment  of  the  future  central  marrow 
cavity  of  the  shaft.  Simultaneously  with,  or  some- 
what previous  to,  this  absorption  of  the  endochondral 
bone,  new  bone  of  the  nature  of  spongy  hone  is 
deposited  directly  by  the  osteogenetic  layer  of  the 
periosteum  on  the  outer  surface  of  the  endochondral 
hone.  This  also  commences  at  the  centre  of  ossifica- 
tion, and  proceeds  from  here  gradually  to  further 
points.  This  is  the  first  rudiment  of  the  periosteal 
hone  of  the  shaft  (Figs.  52,  53).  It  is  formed  without 
the  intervention  of  cartilage  directly  by  the  osteo- 
blasts of  the  osteogenetic  layer.  And  as  fresh  masses 
of  osteoblasts  become  developed  by  division,  new 
layers  of  spongy  bone  are  formed  by  the  change  of 
the  former  into  bone  matrix  and  bone  cells,  and  the 
old  trabeculse  become  increased  in  thickness.  In  the 
meshes  or  Haversian  spaces  of  this  new  spongy 
periosteal  bone  the  same  tissue  is  to  be  found  that 
constitutes  the  osteogenetic  layer  of  the  periosteum, 
the  one  being  derived  from,  and  continuous  with,  the 
other. 

In  these  Haversian  spaces  concentric  lamellae  of 
bone  substance  become  subsequently  formed  by  the 
osteoblasts,  while  at  the  same  time  the  Haversian 
spaces,  being  narrowed  in  by  the  deposit  of  the  con- 
centric lamellae,  are  transformed  into  the  Haversian 
canals.  The  original  spongy  bone  represents,  there- 
fore, the  ground  substance  (primary,  or  ground  lamellae), 
in  which,  or  rather  in  the  spaces  of  which,  the  secondary 
deposit  of  the  concentric  lamellae  or  Haversian 
systems  of  bone  lamellae  takes  place,  by  which  deposit 
the  spongy  bone  becomes  transformed  into  compact 
bone.  This  process  is  farthest  advanced  in  the 
middle  of  the  thickness  of  the  shaft,  and  least  near 
the  periosteum.  When  this  compact  bone  is  again 
absorbed — e.g.  that  next  the  medullary  cavity  of  the 
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shaft  of  a  long  bone— the  concentric  lamellje  are  fii 

absorbed    the   Ha 

versian    canal    be        iS)  S2,  ^  ^'•c^r.  g?. 

mg    in    thi3    way       t^      _    ^     «.     «?/•  ^^ 

widened    out    and 

again    transformed 

into     a   Haversian 

space 

While  then 
the  Iwne  first  de 
posited  by  the  pen 
osteum  IS  of  a 
spongy  charactei 
and  gradually  be 
conies  transformed 
into  compact,  thp 
reverse  is  going  on 
at  the  same  time 
near  the  marrow 
cavity,  inasmuch 
as  compact  bone  is 
here  changed  into 
spongy  bone,  and 
this  ultimately  dia- 
apfieara  and  be- 
comes absorbed  by 
the  marrow. 

73.  At  birth 
all  the  primary  en- 
dochondral bone 
has  already  disap- 
peared by  absorp- 
tion from  the  centre 
of  the  shaft,  and 
the  bone  present  is 
all  of  periosteal  origin.  At  the  extt'emity  of  the 
shaft,  however,  the  spongy  boiic  is  all  endot^lioiidral 
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bone,  and  it  continues  to  grow  into  tlie  interme- 
diate cirtilage  as  stated  aboi  e,  so  long  as  the 
Iwnc  giowa  as  a.  whole  (Fig  55)  Of  coui-se  tbe 
parts   of   this    spongy  bone   nearest   to  the   centre 


of  the  shaft  are  the  oldest,  and  ultimately  dis- 
appear by  absorption  into  the  central  medullary 
cavity.  In  the  epiphysis  the  spongy  bone  is  also 
endochondi-al  bone,  and  its  formation  is  connected 
with  the  deep  layer  of  the  articular  cartilage,  but 
more  so  with  the  hyaline  cartilage  separating  the 
epiphysial  spongy  bone  from  the  intermediate  carti- 
lage {see  e  of  Fig.  51). 

Underneath  the  periosteum  and  on  the  surface  of 
the  spongy  endochondral  bone  at  the  extremity  of  the 
shaft,  tlie  periosteal  bone  is  represented  only  by  a 


tliin  layer,  extending  as  far  as  the  periosteum  reaches 
— e.g.  to  the  margin  of  the  articular  cartilage. 

74.  Intermumbranous  formation. — All 
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R.  ST.— From  H  iMiixitiuliuBl  brcttoti  t)  nii  (.li  Uie  Siungy  Bane  of  Shaft, 
near  tlic  lutenueclur)  cnrtili^  of  Pcctal  kitten  itiiiHlii);  the  fniinatjon 
oraaaeotiBialBtaiiGuun  lllucillcinpd  cartilBKC     ('llliu) 
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Ijoiiex  not  pn^fonued  in 
the  embryii  us  curtilage 
are  dovelopeil  directly 
from  the  oatcugettetlc 
layer  of  the  periosteum  in 
the  manner  of  the  peri- 
oBteal  bone  descrilteil  on 
p.  SO.  Heri!  also  the  new 
lione  is  at  first  spongy 
lione,  which  in  its  deeper 
or  older  layers  gradually 
beiiomes  converted  into 
coinjMitt  bone. 

In  all  instances  dnrinj; 
embryouic  life  and  aftvr 
Ijirth  the  growtli  of  a 
|j(>ne  in  thickness  takes 
pliice  ufter  the  manner  of 
/Kriostetd  or  intermein- 
hr'inoiui  bone;  this  is  at 
tii-st  «|wmgy, 
dually 
eom|wict  bone. 

7fl.  All  • 
Htunt-e  is  formed  in  the 
(■mhryo  and  after  biith  by 
the  O'tl'tiblasfs,  or  marrow 
cells  (CegenlHiur,  Wal- 
(leyi'r)  :  e-nch  i«teoblaat 
giving  origin  to  a  xone 
of  osseous  matrix,  and  re- 
maining in  the  centre  of 
this  as  a  nucleated  jiro- 
toplasuiic  ifuiuant,  which 
gradiiiilly  becomes 
bnuiclieil  Hut  tmnafurin«d 
into   a   bone    cell.      Tbfl 
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osseous  matrix  is  at  first  a  soft  fibrillar  tissue,  but  is 
gradually  and  uniformly  impregnated  with  lime  salts. 
This  impregnation  always  starts  from  the  centre  of 
ossification  (Fig.  57). 

76.  Wherever  in  the  embryo  or  adult,  in  health 
or  disease,  absorption  of  calcified  cartilage  or  of  osseous 
substance  is  going  on,  we  meet  with  the  multi- 
nucleated large  protoplasmic  cells  called  the  myeh- 
pUuces  of  Robin.  Kolliker  showed  them  to  be  import- 
ant for  the  absorption  of  bone  matrix,  and  called 
them  therefore  osteoclasts  (Fig.  56).  For  cartilage  they 
may  be  called  chondroclasts  ( Fig.  58).  When  concerned 
in  the  absorption  we  find  these  myeloplaxes  situated 
in  smaller  or  larger  pits,  which  seem  to  have  been 
produced  by  them  ;  these  absorption  pits  or  lacunje  on 
the  surface  of  bones  are  called  Howship's  lacunce. 
They  invariably  contain  numbers  of  osteoclasts.  It 
can,  however,  be  shown  that  myeloplaxes  are  also 
conceraed  in  the  formation  of  bone  by  giving  origin 
to  a  number  of  new  osseous  zones  with  their  bone 
cells.  In  the  earliest  stages  of  development  of  the 
fwtal  jaw  this  process  is  seen  with  great  distinctness 
(Fig.  56). 

77.  I>entine  forms  the  chief  part  of  a  tooth.  It 
consists  of  a  petrified  matrix  in  which  are  numbers  of 
perpendicularly  arranged  canals — the  dentinal  tubes — 
containing  the  dentinal  fibres.  It  is  in  souk^  respects 
similar  to  bone,  although  differing  from  it  in  certain 
essentials.  It  is  similar  inasnmch  as  it  is  developed 
in  like  manner  by  some  peculiarly  transformed 
embryonic  connective  tissue — viz.  by  the  tissue  of  the 
embryonic  tooth  papilla — and  inasmuch  as  cells  are 
concerned  in  the  production  both  of  the  petrified 
matrix  (impregnated  with  lime  salts)  and  of  the 
processes  of  the  cells  contained  in  its  ciinals — the 
dentinal  fibres.  The  details  of  structure  and  distri- 
bution will  be  described  in  connection  with  the  teeth. 
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CHAPTER    VIII. 

NON-STRIPED    MUSCULAR   TISSUE. 

78.  This  tissue  consists  of  nucleated  cells,  which, 
unlike  amoeboid  cells,  are  contractile  in  one  definite 
direction,  becoming  shorter  and  thicker  during  con- 
traction. 

The  cells  are  elongated,  spindle-shaped,  or  hand-like 
(Fig.  59),  and  drawn  out  at  each  extremity  into  a 
longer  or  shorter,  generally  single,  but  occasionally 


Fig.  59.— Non-striped  Muscular  Fibres,  isolated.     {Atlas.) 

Tbe  croBS-niarkings  indicate  corrugations  of  the  elastic  sheath  of  the  individual 

fibres. 

branched,  tapering  process.  Each  cell  includes  an 
oval  nucleus,  which  is  flattened  if  the  cell  it  belongs 
to  is  flattened.  The  cell  substance  is  a  pale,  homo- 
geneous-looking or  longitudinally  striated  substance. 

During  extreme  contraction  the  nucleus  may  be- 
come more  or  less  plicated,  so  that  its  outline  becomes 
wavy  or  zig-zag. 

It  has  been  shown  by  Klein  in  certain  preparations 
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— e.g,  the  non-striped  muscle  cells  of  the  mesentery  of 
the  newt — that  each  muscle  cell  consists  of  a  delicate 
elastic  slieathy  inside  of  whicli  is  a  bundle  of  minute 
fibrils  which  cause  the  longitudinal  striation  of  the  cell. 
These  fibrils  are  the  contractile  portion  ;  and  they  are 
contractile  towards  the  nucleus,  with  whose  intra- 
nuclear reticulum  they  are  intimately  connected. 
When  the  cell  is  contracted  its  sheath  becomes  trans- 
versely corrugated  (Fig.  60). 

79.  The  non-striped  muscular  cells  are  aggregated 
into  smaller  or  larger  binidles  by  an  interstitial  albu- 


Fig.  60.— Non-stri  1)6(1  Muscular  Cell  of  Mesentery  of  Newt.     {Atlas.) 

Sliowin?  several  places  where  the  muscular  substance  appears  contracted, 
thickened.   At  these  places  the  cnrrugatiuns  of  the  slieath  are  marked. 

miuous  homogeneous  cement  substance,  the  cells  being 
imbricated  with  their  extremities.  The  bundles  may 
form  a  plexus,  or  they  may  be  aggregated  by  fibrous 
connective  tissue  into  larger  or  smaller  groitps,  and 
these  again  into  continuous  masses  or  memhi^anes.  In 
the  muscular  coat  of  the  bladder  of  the  frog,  in  the 
choroidal  portion  of  the  ciliary  muscle,  in  the  arrector 
pili,  in  the  muscular  tissue  of  the  scrotum,  very  well 
marked  plexuses  of  bundles  of  non-striped  muscular 
cells  may  be  met  with.  In  the  muscularis  mucosae  of  the 
stomach  and  intestines,  in  the  outer  muscular  coat  of 
the  same  organs,  in  the  uterus,  bladder,  etc.,  occur 
continuous  membranes  of  non-striped  muscular  tissue. 

When  the  muscular  cells  form  larger  bundles  they 
are  more  or  less  pressed  against  one  another,  and 
therefore  in  a  cross-section  appear  of  a  polygonal 
outline. 

80.  Non -striped  muscular  tissue  is  found  in  the 
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following  places  ;    In  the  muscularis  mucoate  o£  the 

(esophagus,  stomach,  small  and  large  intestine  ;  in  the 

outer  muscular  coat  of  the  lower  two-thirds  or  half 

of  the  human  wsophagus  ■  in  that  of  the  stomach  small 

and  large  intestine      in  the  tissue  of  the  pehis  and 

outer  capsule  of  the  kidney     in  the  muscular  coat  of 

_..     _  the  ureter  bladder  ^^d  urethia 

i^BBjfijR         in  the  tubules  of  the  epididjmis 

#^B|g(j!j&        in    the    las    deferens     vesiculte 

^^jR^SMITi^  setuinalis   and   piostate     in    the 

Q^*^^^  "*    corpora  cavernosa  and  St ongiosa 

A  *®^A®?    in  the  tissue  of  the  o-vary  and  m 

'l^  ^dBvft™     tie  broad  ligament    in  the  mus 

<P#|gt  **         cular    coat    of  the  OMduct    the 

9  9  *  uterus  and  vagina     in  the  j)os 

Fg«i  FomsTianscno    terior  part  ot    the  wall   of   the 

otVo"  sVpoIVkuIm   trachea      in  the  large  and  sma,ll 

TlsrasntthelnteBtiie      bion;,hi     in    the    alveolar    ducts 

^pina"Mliiwwii°»'re  T^t?   *"ii  infunail)ula  of  the  lung    in 

miKiKie?'o"  ita'AS'/'    the     pleura    pulnionalis   {gumea- 

^"mIKi'^ob's'w  "  a  ei    pig)     11  the    p  ritfneum  of  tlie 

JS""oi!teJ )""  '"""'''  fro"  and  newt   in  the  uyper  part 

£  th       ipe      y  Id       d         th 

iissura     orbitalit) ;  th        pi       t  I    d  I  to 

pupillie,    and    the       1     y     m      I  th         pi 

and  trabecuhe  of  tl       pi  d  th     t    b      lie     f 

some    of   the    lympl    t      gl     d  th  to 

pilorum,   and  sweat  gl     d      f  th      k  n    t!      t 

dartos  of  the  scrotum         th    t  f  th        (fl      f 

the  breast ;    in  the  1    g    d    t      f  th        1        j        d 

pancreatic  glands ;        1        th  1      co  t     £  th 

gall  bladder,  the  hej    t  I    y  t     d     t      Tl  ta 

and  the  arteries  ha\         1  t    f  t    p   I 

muscular  tissue,  the  II      pi    t       1 

81.  Aa  regards  1       tl     th     m        1  11  y 

within  considerable  limits  (from  ,y^  to  0  5  imllitneter), 
those  of  the  intestine,  stomach,  respiratory,  urinary. 
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and  genital  organs  being  very  long  as  compared  with 
those  of  the  blood-vessels,  which  are  sometimes  only 
twice  or  thrice  as  long  as  they  are  broad,  and  at  the 
same  time  branched  at  their  extremities. 

Non-striped  muscular  tissue  is  richly  supi)lied  with 
blood-vessels,  the  capillaries  forming  oblong  meshes, 
though  their  number  is  not  so  great  as  in  striped 
muscle.  The  nerves  of  non-striped  muscle  are  all 
derived  from  the  sympathetic  ;  their  distribution  and 
termination  will  be  described  in  a  future  chapter 


CHAPTER  IX. 

STRIPED   MUSCULAR  TISSUE. 


82.  The  striped  muscular  tissue  is  composed 

long  cylindrical  fibres,  some  measuring  in  length 
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fibres  are  regularly  transversely  striated,  and  are 
therefore  called  the  striped  or  striated  muscular  fibres 
By  fibrous  connective  tissue  they  are  grouped  together 
so  as  to  form  larger  or  smaller  bundles — muscular 
fasciculi  ;  the  connective  tissue  surrounding  the 
bundles  is  called  the  perimysium  ;  while  the  delicate 
connective  tissue  passing  from  the  perimysium  into 
the  bundle,  and  separating  the  individual  muscular 
fibres  from  one  another,  is  called  the  endomysium. 
The  perimysium  is  the  carrier  of  the  larger  vascular 
and  nervous  branches,  while  the  endomysium  contains 
the  capillaries  and  the  terminal  nerves.  The  capil- 
laries form  very  rich  networks  with  elongated  meshes, 
and  are  always  situated  between  tlie  individual 
muscle  fibres.  The  capillaries  and  veins  appear  very 
wavy  and  twisted  in  the  contracted  bundles,  and 
straighter  in  the  uncontracted  bundles  (Fig.  62).  The 
small  vessels  are  provided  here  and  there  with  peculiar 
saccular  dilatations,  which  act  as  a  sort  of  safety 
receptacle  for  the  blood  when,  during  a  sudden 
intense  contraction,  it  is  pressed  out  from  some  of 
the  capillaries. 

83.  Each  muscular  fibre  during  contraction  be- 
comes shorter  and  thicker.  In  the  living  uninjured 
muscular  fibres,  spontaneously  or  after  the  application 
of  a  stimulus,  a  contraction  starts  at  one  point  and 
passes  over  the  whole  muscular  fibre  like  a  wave — 
contraction  wave — the  progress  of  which  is  noticeable 
by  the  thickening  rapidly  shifting  along  the  fibre,  the 
part  behind  resuming  its  previous  diameter. 

84.  A  striped  muscular  fibre  consists  of  (1)  a 
delicate  hyaline  elastic  sheath,  the  sarcolemma,  and 
(2)  the  muscular  contents.  It  is  the  structure  of  the 
latter  which  has  given  origin  to  a  variety  of  theories, 
owing  to  optical  ditticultics  in  examining  fresh  and 
living  fibres,  and  owing  to  the  varied  changes  it  is 
liable  to  undergo  when  acted  upon  by  many  reagents. 
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In  tl  e  follow  g  e  si  all  adopt  the  view  enunciated 
by  Rollett  durng  recent  ear?  we  think  that  his 
conclusionsj  are  1  ased  on  e^ctens  ve  observations  and 
stu  ly  of  mua  ular  fibres  in  vertebrates  and  inverte- 
brates under  the  best  cond  t  ona  and  his  conclusions 
hannon  se  best  with  the  class  cal  observations  of 
Bow  nan,  Br  icke  Cahnl  e  n  a  d  Engelmann,  and 
w  th  ol  servations  which  can 

f*«4(»fi*>M>*>i>f       be    venfied  by   careful  study 
1  of  fresh  n  uscular  fibres. 

,1  85    U  e  contents  of  a  mus- 

cular fil    e  consist  of  two  prin- 
^     c  pal  parts  (Figs.  63,  G4) ;  (a) 
*  ii       tie  Jihrilip     or    rhabdia    o£ 

I       Kuhne      and    (S)    the  sarco- 
1  f,       pk  sv     or      nterlibrillar    sub- 

sta  ce    a    hyaline  or  faintly 
j,ranular     substance,     having 
^  rese  nblances    to   protoplasm, 

I  and  act    g  as  the  matrix  for 

li  .1*         tie  fib   llf      The  fibrillw  ex- 

Fu  u    Part     aHiE  uis       tend        a  longitudinal  direc- 

Ei.'  "!i".rs"; ,:   '  «■>  p»»ii«i  «<>  ">•  i»"s «™ 

a  on  fflbrt  a.  Jiniii  of  the  muscular  fibre,  and  they 
S™h™dl)*:lsir?ou3eLe-  ^'^  gTo  ipcd  together  into 
""""'■  bands,  strands,  or  tubes,  called 

the  TMtscle  columns  y  the  latter 
are  aggregated  into  larger  groups.  The  sarco- 
plasm  tills  up  all  interstices  between  the  groups  of 
the  muscle  columns,  between  the  columns  of  each 
group,  and  between  the  fibrillic  of  each  column.  The 
amount  of  sarcoplasm  between  the  groups  of  columns 
is  generally  greater  than  between  the  columns  of  each 
group,  liui-ing  growth  and  regeneration  of  mus- 
cular fibres  in  the  aduit  the  collections  of  nucleated 
sarcoplasm  on  the  surface  —i.e.  underneath  the  sarco- 
lemma — become  conspicuously  increased  in  vertel)rate 
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muscular  fibres,  both  in  number  and  size  ;  and  tliey  ai-e 

the  material  from  which  muscular  librillte  are  formed. 

Special  collections  oJ  nucleated 

sdrcoplaHm   are    found   at    the 

tenninatioa  of  the  motor  nerve 

fibre  in  the  muscular  fibre  (ace 

below): 

On  observing  a  crosa  section 
!■      6 


po    h 


k     I 
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distribution ;  in  the  muscular  fibres  of  many  insects 
it  generally  forms  a  cylindrical  accumulation  in  the 
centre  of  the  muscular  fibres,  containing  spherical 
nuclei ;  from  it  thinner  septa  pass  between  the  groups 
of  muscular  columns.  In  vertebrate  muscular  fibres 
the  sarcoplasm  forms  small  plate-like  or  angular  col- 
lections on  the  surface  of  the  muscular  contents — i.e. 
immediately  under  the  sarcolemma.  These  collections 
include  spherical,  or  more  generally  oval,  nuclei,  and 
are  called  the  muscle  cor2)uscle8.  The  whole  sarco- 
plasm must  be  considered  as  a  sort  of  protoplasmic 
basis,  and  the  muscle  corpuscles  as  the  nucleated  accu- 
mulations of  it. 

86.  Each  fibrilla  shows  along  the  whole  length  of 
the  muscular  fibre  regular  alterations,  as  regards  both 
aspect  and  thickness  of  its  substance,  and  accordingly 
can  be  considered  as  consisting  of  different  portions 
following  each  other  endwise,  and  repeating  them- 
selves uniformly  and  in  regular  manner  throughout 
the  whole  length  and  thickness  of  the  muscular  fibre. 
These  portions  are  the  sarcoics  elements  of  Bowman, 
dim,  homogeneous  rods  or  prisms  forming  the  chief 
parts ;  between  each  two  successive  sarcous  elements 
of  the  same  fibrilla,  at  equal  distance,  is  a  dark  granule, 
sometimes  double,  to  which  the  end  of  each  sarcous 
element  is  joined  by  a  thin  bridge.  In  the  fresh  state 
the  sarcous  elements  are  prisms,  and  those  of  con- 
tiguous fibrillse,  almost  touch  each  other  at  their  sides, 
so  that  little  or  no  sarcoplasm  intervenes  between 
them  here ;  but  when  the  sarcous  elements  shrink 
— e.g.  after  death  or  after  hardening  reagents,  or 
sometimes  even  during  life  and  during  contraction — 
they  are  more  or  less  hourglass-shaped,  and  are 
separated  by  thin  layers  of  sarcoplasm  from  those 
of  contiguous  fibrillge.  The  bridge  by  which  each  end 
of  a  sarcous  element  is  joined  to  the  granule  being 
much  thinner  than  the  latter,  there   is  more  sarco- 
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plHsm  preseat  in  the  layer  containing  the  bridge; 
and  since  the  sarcoplasm  is  more  transparent  than 
either  the  sarcoua  elements  or  the  granules  of  the 
fibril  lie,  the 
muscular  fibre 
as  a  whole 
shows    a  con- 


Beetle  (Hydn>iiliilli!iX    {AUai. 


striation.  The 
layer  of    the 
dark  granules 
corresponds  to     *"'<>■- 
the     line     of    ^  g.„^„„ 
Sobie,  or  (Ae      '  fi'™"'i'^;jj„'^')3";,r^"rti 
line  of  Amici,         'SH^l^x^^'vTi^amili 
or    the    inter-         '''"""  ■■  ■" bi«>""' nie -arcon 
mediate  disc  of 

Engehnann,  or  thi:  iiieiiibrans  of 
layer  or  disc  of  sarcoplasm  in  which  the 
are  placed,  which  join  the  aarcous  elerae 
the  granules  of  the  intermediate  disc,  is  the  lateral 
disc.  The  layer  or  disc  of  sarcous  eleuients  corre- 
sponds to  the  transverse  diec.  In  many  muscular 
fibres  of  insects,  notably  in  those  of  the  crab  (Kuther- 
ford),  there  occurs  in  each  fibrilia  within  tlu*  lateral 
disc  a  short  rod-like  thickening  midway  ln-tween  thft 
s  element  and  the  dark  gi-aiiule ;  the  layer  or 


intermediate 
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disc  of  these  rods  or  granules  forms 
p      the  secondary  disc,  or  the  layer  of 
Flogel. 

87.  A  typical  muscular  fibre  shows 
then,  owing  to  the  difl'erentiation  of 
eaoh  flbrilla  into  the  above  portions, 
the  following  layers  in  regular 
alternation  throughout  the  thickness 
of  the  fibre;  (1)  The  dark  inter- 
mediate disc,  Dobie's  line,  or  A'raiise's 
memhraiu ;  (2)  Oie  transparent 
lateral  disc,-  (3)  (Ae  dim  transverse 
disc  of  sarcous  elements.  Then  fol- 
lows anotlier  transparent  lateral  disc, 


As  stated  above,  in  some  fibres 
the  line  of  Dobie  is  a  double  row 
of  granules,  and  the  transparent 
lateral  disc  contains  a  line  of  granules, 
Flogel's  Uyer. 

The  intermediate  disc  appears  to 
be  intimately  connected  with  the 
sarcoleuima ;  hence  Krause  gave  it 
the  name  of  a  uiembrane.  When  a 
muscular  fibre  contracts  duiing  life, 
or  when  it  shrinks  after  death,  the 
sarcnlemma  shows  regular  bulgings 
between  each  two  Krause's  rnem- 
bi-anes;  at    these    latter    the    sarco- 

Fig.  «6.-Threi;  Fibrillio  of  Crab's  Miisck,  sliowiiiK 
Jbm;  " 


and     then 
disc 


:fiir«  aiid  CoalnutloA  of  Utrtpal 
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lemma  is  drawn  in.  The  part  of  a  muscular  fibre 
between,  two  neighbouring  Krause's  membranes  and 
the    corre^sponding    jiortion    of    tlie    sarcolemma    is 


WT'eral  stagea  from  coniplule  MiflMtion  at  a  to  complste  contraction 
It  F.      (Jl^t  Btilherlorn.) 


IHMnDoMp-SBmniifti  ■nd  riagvft  Bniililei  nn  Hi 
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spoken   of  as   a   muscular  compartment   of  Krause 

{See  Fig.  65,  a). 

The  lateral  disc  contains  in  some  muscular  fibres 

{see  above)  a  layer  of  granules  or  rods,  the  secondary 

disc,  or  Flogel's  layer ;  but  each  of  these  granules  or 

rods  is  joined  to  a  granule  of  the 
intermediate  disc,  or  Dobie's 
layer,  on  the  one  hand,  and  to 
the  end  of  a  sarcous  element  on 
the  other ;  so  that  in  reality  it  is 
a  thickening  of  the  bridges  con- 
necting the  ends  of  a  sarcous 
element  to  the  granule  of  the 
intermediate  disc. 

The  transverse  disc,  or  the 
layer  of  sarcous  elements,  shows 
in  muscular  fibres  during  con- 
traction {see  below)  or  after 
hardening,  or  after  treatment 
with  reagents,  a  median  trans- 
verse transparency,  due  to  the 
substance  of  the  sarcous  ele- 
ments being  here  thinner,  as 
mentioned   above.      This    corre- 

Fig.  (i8.-Primitive   Mu's-  sponds  to    the   median    disc    of 
cuiar  Fibriiiai  from  the   Hensen.      Eutherford,  howevei', 

Crab's  Muscle.      (After         •    i.   j  x     xi.    ^     j.i  • 

liuther/ord.)  pointed    out   that    this    appear- 

ance is  due  to  the  stainable  or 
chromatic  substance  of  each  sarcous  element  accumu- 
lating at  the  ends  (Figs.  66  and  67). 

In  muscular  fibres  treated  with  alcohol,  the  con- 
nection between  the  sarcous  elements  and  the  rest  of 
the  fibrillse  is  not  recognisable  ;  hence  the  muscular 
fibre  seems  split  up  into  discs,  apparently  not  con- 
nected with  one  another  (see  Fig.  65). 

The  reticulation  described  by  Melland,  Marshall, 
and  others  is  due  to  coagulation  of  the  sarcoplasma 
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brought  about  by  ceitain  hardening  leagents  the 
sarcoplasma  between  the  granules  of  the  layer  of 
Dobie  or  Krause  «oulcl  thus  funu  a  leticulated  disc 
extending  transversely  across  the  musciilai  tabre  and 
to  it  are  joined  lines  nf  coagulated  harcoplasraa  ex 
tending  longitudmallj  between  the  aarcous>  elements 
of  the  fibnllffi  (Fig  69) 

88    During  contraetion  the  transierse  striation  of 
the  fibre  becomes  much  nanower  the  difftrei  t  di-scs 
becoming    thinner     in    the 
long    broader  m  the  trans  /^'''^V 

verse  direction  of  the  fabie  f  '^'V 

In  the  naturally  contracted  /^^~-:ti^^^s>^ 

portion  ot  a  muscular  fibie  /  *^  \ 

— te    at   the   pomfc   of    the  ^  1 

pa£SE^  of  the  contraction 
wave — -the  stripes  alter  their 
character  inasmuch  as  at 
the  end  of  '■he  tiansverse 
and  lateral  discs  the  fibre? 
become    darker    while    tl  e    '^^ 

middle  of  the  Jiscs  of  sarcous    Fig  <'>  — Stnpeii  M  iicul«r Fibres 
elemente    becomra     lighta     ,   .'"f™; ■,"'"■'    'f"' 
Whether  the  formei  chinge       i™irettni£i'i'«iTiiuo.™  ESSf! 
— 1  e  of  the  lateral   discs^        a  *" 
18  due  to  compression  while 

the  latter- — f  of  the  saicous  elements —is  due  to  an 
imbibition  with  water  squeezed  out  of  the  sarcoplasma 
in  the  lateral  disi,s,  as  is  maintained  bj  Engelmann, 
has  not  been  fully  established.  Rutherford,  on  the 
other  hand,  points  out.  what  appeal's  a,  good  explana 
tion  of  this  phenomenon— viz.  of  the  so-called  re- 
versal ot  the  stripes  diii'ing  contraction — that  during 
contraction  the  cjiromatic  substance  of  the  sarcous 
elements,  together  with  Fliigel's  granules  and  Dobie's 
granules,  forms  one  shortened  muss ;  hence  the  darkness 
of   these   portions   in   each    fibriUa.     We    le^rodwc* 


.fesSiff 


loo  Elements  of  Histology. 

here  from  Rutherforil  drawings  illustrating  tlieiie 
points  (Figs.  66  and  67). 

Rollett  considers,  with  Briicke,  Kolliker,  Engel- 
inann,  and  many  others,  that  the  fibrillffi  are  the 
contractile  parta;  while  Klihne,  R^m6n  y  Cajal,  and 
others,  are  inclined  to  think  that  the  sarcopjasma — 
which  Kiihne  calls  aarcoglia — is  the  contractile  part, 
while  the  fibrilJK — i.e.  the  rhabdia  of  KUhne — or 
rather  the  sarcous  elements,  are  elastic  elements. 

Tlie  differentiation  into  intei-mediate,  lateral,  and 
transverse  discs,  possessing  the  above-named  diffei'ent 
structure  and  optical  properties,  produces  the  trans- 
verse striation  of  the  muscular  tibres ;  but  it  must 
be  also  added  that  a  fibre,  though  homogeneous  but 
nioniliform  (by  shritiking  or  naturally  ao),  would 
show  a  transverse  atriation  (Haycraft). 

89.  In  the  embryo  the  muscular  fibres  are 
developed  from  spindle-shaped  nucleated  cells  (Remak, 
Weissmann,  KOlliker).     One  spindle-shaped  cell  with 


an  oval  nucleus  grows  rapidly  in  length  and  tjiicknesa, 
ita  nucleus  divides  repeatedly,  and  the  offspring 
become  shifted  from  one  another  as  the  cell  continues 
to  grow  in  length.  Thus  a  long  apindle-shiiped  nuiFs 
of  sarcoplasuia,  with  numerous  nuclei,   is   tlie  result. 
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This  sarcoplasma  in  the  middle  of  the  cell  becomes 
converted  into  fibrillae,  and  this  formation  continues, 
while  the  sarcoplasma  as  a  whole  increases.  The 
muscle  corpuscles  of  the  adult  fibres  are  remains  of 
this  sarcoplasma  (Fig.  70). 

At  all  tiaies  in  adult  life,  when  muscular  fibres 
increase  in  thickness,  as,  for  instance,  when  muscle 
is  kept  at  constant  work,  this  increase  is  due  to 
increase  of  sarcoplasma,  and  part-conversion  of  this 
into  fibrillse. 

Paneth  described  in  fishes,  amphibia,  birds,  and 
mammals  a  mode  of  new  formation  of  muscular 
fibres  which  supplements  the  one  above  described. 
While  in  the  embryo  the  first  muscular  fibres  develop 
from  spindle-shaped  cells  in  the  manner  stated  above, 
muscular  fibres  are  also  newly  formed  from  spherical 
or  oval  cells — sarcoplasts  ;  in  the  interior  of  these 
cells,  the  protoplasm  is  converted  into  contractile 
substance,  which  is  capable  of  enlarging  and  elon- 
gating, and  becoming  converted  into  striped  muscular 
fibres.  According  to  KdlUker  and  Weissmann, 
muscle  fibres  divide  longitudinally  also,  so  that  one 
fibre  is  capable  of  giving  origin  to  a  bundle  of  thin 
fibres  each  of  which  continues  to  increase  in  thickness 
(see  muscle  spindles  below). 

90.  The  striped  muscular  fibres,  taken  as  a  whole, 
are,  as  a  rule,  spindle-shaped,  becoming  gradually 
thinner  towards  their  ends.  They  are  branched  in 
some  exceptional  cases — e.g.  in  the  tongue ;  here  the 
extremities  of  the  muscular  fibres,  passing  into  the 
mucous  membrane,  become  richly  branclied  previous 
to  their  termination  amongst  the  connective-tissue 
fibres  of  the  mucosa. 

91.  Muscular  fibres  terminate  in  tendons,  either 
by  the  whole  fibre  passing  into  a  bundle  of  connective- 
tissue  fibrils  (Fig.  71),  or  by  the  fibre  ending  abruptly 
with  a  blunt,  conical  end,  and  becoming  here  fixed  to 
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a,  biuulle  uf  coiinective-tisaue  tibcils.     The  individual 
fibres  have   only,    as  has    been  mentioned  aljove,    a 
limited  length;  so  that,  following  an  anatomical  bundle 
from  one  end  to  the  other,  we  tind  at  many  points 
along  the  fascicnlut>  some  muscle  fibres 
terminatmg    others  originating.     This 
takes  place  in  the  following  way  :  the 
contents  of  a  fabre  suddenly  terminate, 
wbile  the  liarcolemma,  as  a  fine  thread, 
becomes  interwoven  witli  the  fine  con- 
nective   tissue  betvveen    the    muscular 
fibres      Many  muscles  contain  peculiar 
spindle  shaped  enHrgements  ;  these  are 
the  iMMcle   budu  of    Kolliker   or   the 
I  lasele  apint/les  of  Kuhne  ;  each  spindle 
IS  a  bundle  of   hne  striped  muscular 
hi  res  formed  by  length  division  of  a 
niother    tibie     and  enclosed    within   a 
thiuLened    connective  -  tissue     sheath, 
r  ^     •  I         which    "jlieath   is  continuous  with  the 
^r    /  laminated   connective  -  tissue     sheath 

fr]'-/  (Henles  sheath)   of    nerve   fibres— in 

jkj    '  tact,  tlie  i/nn  ilea  occur  at  the  entrance 

££1^  of  cet  tam  nerves  into  the  muscle  bundle 

'  (s^e  nerve  endings) 

'^'^atriped^Mua'  ^"^    '''''*'  Striped  muscular  fibres  of 

miar  Fibrea  the  heart  (auiicles  and  ventricles)  and 
^idiee  oFFi  of  the  ^.ardiac  Lnds  of  the  large  veins 
('ffiH^UF^ri"'  ^'^'^  pulmonary  veins  included)  differ 
(TeniimnoD  In  from  othei  stuped  muscular  fibms  in 
tmbi  q.)  (jjg    following    respects  : — (1)      They 

possess  no  distinct  sarcolemnia.  (2) 
Their  muscle  coipuscles  aie  m  the  centre  of  the 
hbres,  and  more  numerous  than  in  ordinary  fibres. 
(3)  They  ate  very  iichly  bianched,  each  fibre  giving 
ofi  all  along  its  course  'diort  blanches,  or  continually 
dividing    into   smaller    fibres    and    forming    a    close 
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network  (Fig.  73).  A  transverse  section  through  a 
bundle  of  Buch  fibres  shows,  therefore,  their  cross- 
sections  iiTegular  in  shaj>e  and  size.  (*)  Each  nucleus 
of  a  muscle  corpuscle  occupies  the  centre  of  one 
prisn  atic  portion  ea  1  bb  e  a  d  its  b  and  es  tb  a 
appear  composed,  fa  1  gle  ow  of  su  h  p  s  at  t 
portions,  and  tl  ej  sefm  sej  irate  Ho  o  e  a  othe  — 
at  auy  ate  a 
early  atage — by  a 
septum  ot  1  tra  s 
parent  s  I  &ta  ce 

93  home  mus 
cular  fib  e*i  a  e 
p  thei  D  a  kedl 
pale  or  marke  II 
■ed  (Ran  le  ) 
the  former  (  / 
quadratus  1u  b 
1  m     0      adducto 


B 


If 


rabb  t)    the    tran'i 

verse    stnat  on 

more    d  *it  net 

the    m  scular 

p  scles   less       1    e 

rous     than     n   the     B  a    i».d    ^^^b    f  re«  c 

latte       (e  y      sem        swng  ngthii         a  \,  t 

tend  nosus  of  raV  b  t        J™     b  y  u.      ned'^t^K    «        " 

daihragra)       He  e       ^.S     ^  %«       «V« 

the         lo  g  tud  nal 

str  at  on  a[  pears     e  y    1  st  n  t    b  t  tl  ese  d  tte  cnces 

are  not  constant    n  the  sa    e  fil     s  of  otl  e    a    n  als 

or  of  nan  (E    Meyer) 

94  Brucke  la  si  0  vn  tl  at  str  ped  n  uscular 
hbres  aie  do  bly  lefract  e  o  nsotrojo  s  Ike 
uniaxial  positive  ciystals  (lock  ciyMtal),  the  optical 
axis  coinciding  with  the  long  a."£is  of  the  fibrea.     The 
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sarcoplasma  is  isotropous,  the  fibrillse  alone  being 
anisotropous ;  of  these  the  sarcous  elements  were  the 
first  recognised  by  Biiicke  to  be  doubly  refractive. 
They  are,  however,  not  the  ultimate  optical  elements, 
but  must  be  considered  as  composed  of  disdiaclasts, 
the  real  doubly  refractive  elements  (Briicke). 


CHAPTEE    X. 


THE   HEART   AND   BLOOD- 

95.  (a)  The  heart   consists  of  an  outer  serous 
covering,    the    visceral  pericardium   or    exocard,    an 
inner  lining,  the  endocardium,  and  between  the  two 
the    inugeular   sub- 
stance    (Fig,     73).    J,  y-~i 
Underneath     the         "" 
pericardium     is     a 
thin    lajer   of  con- 
nective tissue  called 
the     Bubpericardial 
tissue. 

The  free  surface 
of  both  the  peri- 
cardium and  endo- 
cardium has  an  en- 
dothelial covering, 
like  other  serous 
membranes — i.e.  a 
single  layer  of  trans- 
parent nucleated  cell       e  -^^ -  -^   -jr^^ 

less     polygonal     or 

irn>gul.r.hape.The    "»  '■'i^^SVSSSS i'SSt  °" 

groundworkof  these       v  ^  ,1,  n      i-  i     ,h      s    nii 

tibrOUS       connective  n»ir);f,'iwricarcliIllcoierin«i/,eniJoIlieliuiii. 

tissue,     forming      a 

dense  texture,  and  in  addition  there  are  many  elastic 

fibres  arranged  as  networks.     Capillary  blood-vessels, 
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lymphatic  vessels  and  small  branches  of  nerve  fibres 
are  met  with  in  the  pericardial  layer.  The  sub- 
pericardial  tissue  consists  of  trabeculse  of  fibrous 
connective  tissue,  which  are  continuous  with  the 
intermuscular  connective  tissue  of  the  muscular  wall 
of  the  heart.  The  foraier  contains  in  many  places 
groups  of  fat  cells. 

96.  On  the  free  surface  of  the  papillary  muscles, 
in  some  parts  of  the  surface  of  the  trabeculae  carnese, 
and  at  the  insertion  of  the  valves,  the  endocardium  is 
thickened  by  tendinous  connective  tissue.  Each  valve 
is  cpvered  with  a  prolongation  of  the  endocard,  but 
the  main  body  of  the  valve  is  dense  fibrous  connective 
tissue ;  on  the  surface  of  this  connective-tissue  matrix 
is  a  somewhat  looser  connective  tissue,  containing 
also  a  few  elastic  fibres. 

All  the  cordse  tendineae  and  the  valves  are  of  course 
covered  on  their  free  surfaces  with  endothelium. 

Special  tracts  of  muscle  fibres  occur  in  the  sub- 
endocardial tissue. 

The  fibres  of  Purkinje  are  peculiar  beaded  fibres 
occurring  in  the  subendocardial  tissue  in  some  mam- 
mals— e.g.  the  sheep  and  the  horse — and  birds  (not  in 
man).  They  are  thin,  transversely  striped,  muscular 
fibres  possessed  of  local  thickenings ;  the  central  part 
of  each  thickening  is  a  continuous  mass  of  protoplasm, 
with  nuclei  at  regular  intervals,  as  is  the  case  with 
some  skeletal  muscular  fibres  of  insects.  These 
beaded  fibres  of  Purkinje  must  not  be  confused  with 
the  mitscle  spindles  of  Kiihne. 

97.  The  muscular  fibres  forming  the  proper  wall 
of  the  heart,  the  structure  of  which  has  been  described 
in  the  previous  chapter,  are  grouped  in  bundles 
separated  by  vascular  fibrous  connective  tissue.  In 
the  ventricles  the  bundles  are  aggregated  into  more 
or  less  distinct  lam  elite. 

Like  other  striped  muscular  fibres,  those  of  the 
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wall  of  the  heart  are  lichlyauppliei  with  blood  ies.sels 
and  lymphatics  The  endocardium  and  valves  have 
no   blood  \  easels  of   their   own   but    the  per  card  mm 


^j~^.  v;r 


system  of  blood 
vessels. 

The  lymph  a 
tics  form  a  pen 
cardial  and  an 
endocardial  net 
work  connected 
with  the  lym 
phatics  of  the 
muscular  lisaue 
oftheheait  lieie 
there  are  Ivm 
phatic  clefts  be 
tween  the  miis 
cular  bundles, 
and  also  net 
woiks  of  tubiilai 
lymphatics 

flSTheneive 
branches  of  the 
plexus  cardiacus 
toim  rich  plexufaes 

Ejangha 
plexus   of    the 


i„    J4— Vi  1     a  Tra  averse  Sect  on    Ihnmgli 
tlis  lufeiiuc  UEaenteric  Artery  a(  tlie  Pig 


In  connection  with  some  of  them 
illeetions  of  ganglion  tells  01 
. e  \ eiy  numeroas  in  the  ner\ e 
cular  septum  of  the  frog  s  lieai  t 
(Ludwig,  Bidder),  and  in  the  an riculo- ventricular 
septum  of  the  frog  (Dogiel).  In  man  and  mammals 
numerous  ganglia  are  found  on  tlie  auricular  nerve 
branches,  chieHy  at  the  point  of  junction  of  the  large 
veins  with  the  heart,  Bemak's  ganglia,  and  at  the 
boundaiy  between  the  auricles  and  the  ventricles, 
Bidder's  ganglia. 

91).  {11)  The  Hrt«ri«'8  (Fig-  T4)  consist  of:  (.nlan 
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endotkelial  layer  lining  the  lumen  of  the  vessel ;  (b)  an 
intima,  consisting  of  elaatio  tissue  ;  (c)  a  media,  con- 
taining a  large  proportion  of  noo-striped  muscular  cells 
arranged  chiefly  in  a  tranaverse,  i.e.  circular  manner  ; 
and  (d)  an  odveniitia  composed  chiefly  of  fibrous 
connective  tissue,  with 
an  admixture  of  net- 
works of  elastic  flbrea, 

(a)  The  endothelium 
is  a  continuous  single 
layer  of  flattened  elon- 
gated cell  plates. 

(6)  The    intima    in 

the    aorta     and     large 

arteries  is  a  very  com 

plex  struotuie    consist 

ing    of    an     innermost 

I        .r^  layer  of  hbious  connec 

J      tive  tissue,  which  is  the 

'  j'  L     "  inner         longitudinal 

\  X        ■  ,      hbrovs     layer"     of   Re 

i  mak,  out'fide   of  which 

'  ' »  a       *  '     is  a  more  oi  less  longi 

\  ^,  tudmally  arranged  elas 

tic  membrane       fhis  is 

lamin&ted,     and      com 

of    fenestrated 

elastic     membranes      of 

Henle       {See    page  61  ) 

*  '4fth3f^i'''th6°^cir™iSr'im^X     The   laiger    the   arte-y 

i"™i^"^v'"n?rs"n™ow'Sg°[^e     *'*^  thiclcei   the  intinia 

tffiBorM"ii 'n III* nmr' ^"*  ""'°''     I"  microacopic  aiteiies 

the    intima    is    a    thin 

fenestrated  membrane,  the  fibres  hai  ing  distinctlj    a 

longitudinal  arrangement 

(c)  The  media  la  the  chief  layer  ot.  the  wall  ot  the 
arteries  (Fig.  75).    It  consists  of  transversely  (irranf,'e(l 


'^'''kX^^'- 


nsverge  aeetion  through 
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elastic  lamellse  (fenestrated  membranes  and  networks 
of  elastic  fibres),  and  between  them  smaller  or  larger 
bundles  of  circularly  arranged  muscular  cells.  The 
larger  the  arteiy  the  more  elastic  tissue  is  there 
present  in  the  media,  the  smaller  the  artery  the  more 
muscular  tissue.  In  microscopic  branches  of  arteries 
the  media  consists  almost  entirely  of  circular  non- 
striped  muscle  cells  with  only  few  elastic  fibres. 

100.  In  the  last  branches  of  the  microscopic 
arteries  the  muscular  media  becomes  discontinuous, 
inasmuch  as  the  (circular)  muscular  cells  are  arranged 
not  as  a  continuous  membrane,  but  as  groups  of  small 
cells  (in  a  single  layer)  in  a  more  or  less  alternate 
fashion. 

When  the  media  contracts,  the  intinia  is  thrown 
into  longitudinal  folds. 

The  aorta  has,  in  the  innermost  and  in  the  outer- 
most parts  of  the  media,  numbers  of  longitudinal 
and  oblique  muscle  cells.  According  to  Bardeleben, 
all  large  and  middle-sized  arteries  have  an  inner 
longitudinal  muscular  coat. 

101.  Between  the  media  and  the  next  outer  layer 
there  is,  in  larger  and  middle-sized  arterieS;  a  special 
elastic  membrane,  the  elastica  externa  of  Henle. 
(d)  The  adventitia  is  a  relatively  thin  fibrous  con- 
nective-tissue membrane.  In  large  and  middle-sized 
arteries  there  are  numbers  of  elastic  fibres  present, 
especially  in  the  part  next  to  the  media  ;  they 
form  networks,  and  have  chiefly  a  longitudinal 
direction. 

The  larger  the  artery  the  more  insignificant  is 
the  adventitia  as  compared  with  the  thickness  of 
the  media. 

In  microscopic  arteries  (Fig.  76)  the  adventitia 
is  represented  by  thin  bundles  of  fibrous  connective 
tissue  and  branched  connective-tissue  cells. 

Large  and  middle-sized  arteries  possess  their  own 
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system  of  blood- vessfJa  (casa  vasorum),  situated 
chiefly  in  the  adventitia  ajid  media ;  lymphatic 
vessels  and  lymphatic  clefts  are  also  present  in 
these  coats. 

102.  (c)  The  veins  differ  from  the  ai'teries  in 
the  greater  thinness  of  their  wall.  The 
intima  and  media  are  similar  to  those 
of  arteries,  only  thinner,  both  abso- 
lutely and  relatively.  The  media  con- 
tains in  most  veins  circularly  arranged 
muscular  fibres;  tliey  form  a  continu- 
ous layer,  afi  in  the  arteries,  and  there 
is  between  tbeni  generally  more  fibrous 
connective  tissue  than  elastic.  The  ■ 
adventitia  is  usually  the  thickest  coat, 
and  it  consists  chieHy  of  fibrous  con- 
nective tissue  (Fig.  75).  The  smallest 
veins — i.e.  before  passing  into  the 
capillaries — are  composed  of  a  lining 
endothelium,  and  outside  this  are  de- 
licate bundles  of  connective  tissue 
forming  an  adventitia.  The  valves 
of  the  veins  are  folds,  consisting  of  the 
endothelium  lining  the  surface,  of  the 
whole  intima,  and  of  ]>art  of  the  mus- 
cular media. 

103.  There  are  many  veins  that 
have  no  muscular  fibres  at  all — e.g. 
vena  jugularis  (interna  and  externa), 
the  vena  subclavia,  the  veins  of  the  bones  and  retina, 
and  of  the  membranes  of  the  brain  and  cord.  Those 
of  the  gravid  uterus  have  only  longitudinal  muscular 
fibres.  Tlie  vena  cava,  azygos,  hepatica,  spennatica 
intemu,  renalis  and  axillaris,  possess  an  inner  circular 
and  nn  outer  longitudinal  coat.  The  vena  iliaca, 
cruralis,  poplitea,  meseuterica,  and  umbilicalis  possess 
an  inner  and  outer  longitudinal  and  a  middle  circular 
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muscular  coat.  The  intima  of  the  venae  pulmonales 
in  man  is  connective  tissue  containing  circular  bundles 
of  non-striped  muscular  cells  (Stieda). 

104.  The  trunk  of  the  vense  pulmonales  and 
venae  cavse  possesses  striped  muscular  fibres,  these 
being  continuations  of  the  muscular  tissue  of  the 
auricles. 

105.  Hoyer  showed  that  a  direct  communication 
exists  between  arteries  and  veins  without  the  inter- 
vention of  capillaries — as  in  the  matrix  of  the  nail, 
in  the  tip  of  the  nose  and  tail  of  some  mammals,  in 
the  tip  of  the  fingers  and  toes  of  man,  in  the  margin 
of  the  ear  lobe  of  dog  and  cat  and  rabbit. 

In  the  cavernous  tissue  of  the  genital  organs 
veins  form  large  irregular  sinuses,  the  wall  of 
which  is  formed  by  fibrous  and  non-striped  muscular 
tissue. 

106.  (d)  The  capillary  blood-vessels  are 
minute  tubes  of  about  a^^VcJ  *^  ¥oVo  ^^  ^^  'vs\q}[\.  in 
diameter.  Their  wall  is  a  single  layer  of  transparent 
elongated  endothelial  plates,  united  by  thin  lines  of 
cement  substance  (Fig.  77).  Each  cell  has  an  oval 
nucleus  ;  in  fact,  the  wall  of  the  capillaries  is  merely 
a  continuation  of  the  endothelial  membrane  lining 
the  arteries  and  veins. 

In  some  places  the  capillaries  possess  a  special 
adventitia  made  up  of  branched  nucleated  connective- 
tissue  cells  (hyaloidea  of  frog,  choroidea  of  mammals), 
or  of  an  endothelial  membrane  (pia  mater  of  brain 
and  cord,  retina  and  serous  membranes),  or  of  adenoid 
reticulum  (lymphatic  glands.  His). 

The  smallest  capillaries  are  found  in  the  central 
nervous  system,  the  largest  in  the  marrow  of  bone. 
The  capillaries  form  networks,  the  richness  and 
arrangement  of  which  vary  in  the  different  organs, 
according  to  the  nature  and  arrangement  of  the 
elements  of  the  tissue  (Fig.  78). 
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107.  If  capillaries  are  absonnally  distended,  s 
.  infiainmation,    or  otherwise  injured,  the  cemer 


Kg,  7*.— YouiiH  Fit  TtMne  of  tUe  OiueD 


suliatflntit  bi'tweeii  the  endotholial  platen  is  Hiiblc  to 
give  way  in  tlio  shape  of  minute  holes,  or  stigmata, 
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which  may  become  larger  holes,  or  stottiata.  The  ptissage 
of  red  blood  corpuscles  (diapadesis)  and  the  migration 
of  white  corpuscles  in  inflammation  through  the  un- 
broken   capillaries    and   small    veins    occur   through 


these  stigmata  and  stomata. 


108.  ¥o«iii^  and  g^rowing^  capillaries,  both 
of  normal  and  pathological  tissues,  possess  solid  thread- 
like shorter  or  longer  nucleated  protoplasmic  processes 
(Fig.  79),  into  which  the    canal  of  the   capillary  is 


Fig.  70.  —From  a  Preparation  of  Omentum  of  Rabbit,  after  staining  with 

Nitrate  of  Silver.    {Atlas.) 

V,  Minuto  vein  ;  «,  solid  protoplaainic  prolongations  of  tlie  wall  of  a  capillary, 
connected  with  connective-tissue  corimscles  ;  c,  solid  young  bud. 


gradually  prolonged,  so  that  the  thread  becomes  con- 
verted into  a  new  capillary  branch.  Such  growing 
capillaries  are  capable  of  contraction  (Strieker). 

All  blood-vessels,  arteries,  veins,  and  capillaries, 

I 
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in  their  early  stages,  both  in  embryonal  and  adult 
life,  are  of  the  nature  of  minute  tubes,  the  wall  of 
which  consists  of  a  simple  endothelial  membrane.  In 
the  case  of  the  vessel  becoming  an  artery  or  vein, 
cells  are  added  to  the  outside  of  the  endothelium, 
thus  forming  the  material  for  the  development  of 
the  elastic,  muscular,  and  fibrous  connective-tissue 
elements  of  the  wall. 

109.  In  the  first  stage,  both  in  the  embryo  and 
in  the  adult,  the  vessel  is  represented  by  solid  nucle- 
ated protoplasmic  cells,  spherical,  elongated,  spindle- 
shaped,  or  bran- 
ched —  vasofor- 
mative cells. 
Such  cells  may 
be  isolated  and 
independent  of 
any  pre-existing 
vessel,  or  thev 
may  be  solid 
protoplasmic 
outgrowths  of 
the  endothelial 
wall  of  existing 
capillary  vessels 
(Fig.  80).  In 
both  cases  they 
become  hollowed 
out  by  a  process 

Fig.  80.— Developing  Capillary  Blood-vessels  from  of     vacuolatiou  ; 

the  Tail  of  TaVle.      {Atlas.)  isolated  vacuoles 

»,  CRpillary  vein   with  clumps   of  pigment  in   tlie  i.    ii      a. 

wall ;  a,  nucleated  protoplHsmic  sprout ;  i,  solid  appear     at    nrst, 

anastomusis    between  two   neighbouriUK  capil-  i     ^    j. i  i 

laries.  Dut  they  gradu- 

ally become  con- 
fluent, and  thus  a  young  vessel  is  formed,  at  first 
very  irregular  in  outline,  but  gradually  acquiring 
more  and  more  of  a  tubular  form.     In  the  case  of 
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an  isolated  cell,  its  protoplasmic  processes  grow  by 
degrees  to  the  nearest  capillary,  to  the  wall  of  which 
they  become  fixed,  and  the  cavity  of  the  cell  finally 
opens  through  such  processes  into  that  of  the  capillary 
vessel. 

The  islets  or  cysts  of  blood  that  appear  early  in  the 
area  vasculosa  of  the  embryo  are  due  to  vacuolation  of 


Fig.  81. — Cells  from  mesoblast  of  chick's  blastoderm  undergoing  develop- 
ment into  blood-vessels  in  the  area  vasculosa.     (Handbook.) 

«,  Cavity  of  cell;  b, cell  wall ;  /,  cells  not  yet  hollowed  out ;  d.  Mood  corpuscUs. 


spherical  or  elongated  vasoformative  cells  of  the  meso- 
blast,  the  islets  or  cysts  being  composed  of  a  central 
portion  which  are  blood  cor})uscles,  at  first  white,  then 
red,  and  a  peripheral  protoplasmic  nucleated  envelope, 
the  future  vascular  wall.  The  central  nucleated  blood 
cells  develop  by  a  process  of  endogenous  division  from 
the  original  cell  protoplasm.  The  blood  cysts,  at  first 
isolated,  afterwards  become  connected  by  protoplasmic 
processes  with  other  cysts  or  other  vasoformative  cells, 
ultimately  forming  a  network  of  vessels  (Fig.  81). 

The  wall  of  younp^  capillaries  is  granular-looking 
protoplasm  (the    original  cell  substance),    and    in    it 
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are  disposed,  in  more  or  less  regular  fashion,  oblong 
nuclei,  derived  by  multiplication  from  the  nucleus  of 
the  original  cell.  In  a  later  stage,  a  differentiation 
takes  place  in  the  protoplasmic  wall  of  the  capillary 
into  cell  plates  and  cement  substance,  in  such  a  way 
that  each  of  the  above  nuclei  appertains  to  one  cell 
plate,  which  now  represents  the  final  stage  in  the 
formation  of  the  capillary.  Both  in  the  embryo  and 
in  the  adult  a  few  isolated  nucleated  protoplasmic  cells, 
or  a  few  protoplasmic  solid  processes  of  an  existing 
capillary,  may  by  active  and  continued  growth  give 
origin  to  a  whole  set  of  new  capillaries  (Strieker, 
AfFanasieff,  Arnold,  Klein,  Balfour,  Ranvier,  Leboucq). 


CHAPTER   XI. 

THE   LYMPHATIC   VESSELS. 

110.  The  lanre  lymphatic  trunks,  such  as  the 

thoracic  duct,  and  the  lymphatic  vessels  passing  to  and 
from  the  lymphatic  glands,  Are   thin-walled   vessels, 


similar  in  structure  to  acteries.  Their  lining  endo- 
thelium is  of  the  same  character  aa  that  of  an  artery, 
and  so  are  the  elastic  intima  and  the  media  with  its 
circular  muscular  tissue  ;  but  these  latter  a 


much  thinner  than  i 


n  artery  of  the  same  calibre. 
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Tlie  adventititt  is  an  exceedingly  thin  connective- 
tisHue  membrane  with  a  few  elastic  lilirea.  The 
valves  are  semi-lunar  folds  of  the  endothelium  and 

111.  The  lymphatics  ii 

fomi  ricli   plexuses.     They  ) 
wall  of  which  is,  like  that  of  a  cH|)ilIary  blood-vessel, 
a    single    layer  of   endothelial 
f*  plates    (Fig.    82).      The    lym- 

phatic is  often  many  times 
wider  than  a  blood  capillary. 
The  endothelial  plates  are  elon- 
gated, but  not  so  long  as  in  a 
blood  capillary,  with  more  or 
less  sinuous  outlines  ;  but  this 
depends  on  the  amount  of 
sh linking  of  the  tissue  in  which 
the  vessel  is  embedded ;  when 
there  is  no  shnnking  in  the 
tissue  or  in  the  vesnel,  the  out- 
lines of  the  coHm  are  more  or 
leas  straight. 

The    lymphatics    are     sup- 
ported by  the  Hbrous  connective 
tissue  of  the  surrounding  tissue, 
[■J  -o  which  does  not,  however,  form 
part  of  their  wall. 

112.    The    outline    of    the 

vessel  is  not  straight,  but  more 

or  less    monilifotni,    owing    to 

icl   the    slight    dilatations   present 

"J"  l>elow   and   at   tin;  sumi-ltiiinr 

ii,r  valves ;    these  are  folds  of  the 

"'"   endothelial   wall,   and  they  are 

met    with    in    great  nuuiljers. 

s  slightly  dilatnl  i  ■■      ■     ■ 


The  vessel  ap] 
vend  the  valv( 


-that  i 


I   the 


iidc   farthest  from 
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the    periphery,    or  rootlet,    whence   the    current   of 
lymph  starts. 

il3.  Tracing  the  lymphatic  vessels  in  the  tissues 
and  organs  towards  their  rootlets,  we  come  to  more  or 
less  irregularly-shaped  vessels,  the  wall  of  wliich  also 
consists  of  a  single  layer  of  polygonal  endothelial 
plates ;  the  outlines  are  very  sinuous.  These  are  the 
lymphatic  capillaries ;  in  some  places  they  are  mere 
clefts  and  irregular  sinuses,  in  others  they  have  more 
the  character  of  a  tube,  but  in  all  instances  they 
have  a  complete  endothelial  lining,  and  no  valves. 

Sometimes  a  blood-vessel,  generally  arterial,  is 
ensheathed  for  a  shorter  or  longer  distance  in  a 
lymphatic  tube,  which  has  the  character  of  a  lym- 
phatic capillary ;  these  are  the  perivascular  lym- 
phatics of  His,  Strieker,  and  others  (Fig.  83). 

114.  The  rootlets  of  the  lymphatics  are  situ- 
ated in  the  connective  tissue  of  the  different  organs 
in  the  shape  of  an  intercommunicating  system  of 
crevices,  clefts,  spaces,  or  canals,  existing  between  the 
bundles,  or  groups  of  bundles,  of  the  connective  tissue. 
These  rootlets  are  generally  without  a  complete  endo- 
thelial lining,  but  are  identical  with  the  spaces  in 
which  the  connective- tissue  corpuscles  are  situated ; 
where  these  are  branched  cells  anastomosing  by  their 
processes  into  a  network — such  as  the  cornea,  or 
serous  membranes — we  find  that  the  rootlets  of  the 
lymphatics  are  the  lacunte  and  canaliculi  of  these  cells 
— the  typical  lymph-canal  iciilar  system,  of  von 
Recklinghausen  (Fig.  84).  The  endothelial  cells 
forming  the  wall  of  the  lymphatic  capillaries  are 
directly  continuous  with  the  connective  cells  situated 
in  the  rootlets.  In  tendons  and  fascise  the  minute 
lymphatics  He  })etween  the  bundles,  and  have  the 
shape  of  continuous  long  clefts  or  channels ;  in 
striped  muscular  tissue  they  have  the  same  character, 
being  situated  }>etween  the  muscular  fibres. 
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The  paiisage  of  plasma  from  the  minute  arteries 
and  capillary  blood-vessels  into  the  lymph-rootleta 
situated  in  the  tissues,  and  tlience  into  the  lymphatic 


„.      .  -  From  silvcralainea  proi«r8tion  of  the  C 

Itabbifs  Dlsphrogm.  shourins  tbe  direct  coniii._ _  _^ .... .. 

cartHlicularSyBteniortheTiiiane  with  tbe  Lyiiiphstlc  Cspillmrien. 


capillaries  and  lymphatic  vessels,  represents  the  natural 
current  of  lymph  irrigating  the  tissues. 

115.  Lymph  rnvilifis. — In  some  cases  the  lym- 
phatic vessels  of  a  tissue  or  organ  are  possessed  of,  or 
connected  with,  irregularly -shaped  largo  sinuses,  much 
wider  than  the  ves-sel  itself  ;  these  cavities  are  tlie 
lymph  sinuses,  and  their  wall  is  also  composed  of  a 
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single  layer  of  more  or  less  polygonal  endothelial 
plates  with  very  sinuous  outlines.  Such  sinuses  are 
found  in  connection  with  the  subcutaneous  and  sub- 
macoos  lymphatics,  in  the  diaphragm,  mesentery,  liver, 
longs,  etc.  On  the  same  footing — ue.  as  lymph 
sinuses — stand  the  comparatively  large  lymph  cavities 
in  the  body,  such  as  the  sulxlural  and  subaniclinoidal 
spaces  of  the  central  nervous  system,  the  synovial 
cavities,  the  cavities  of  the  tendon-sheaths,  the  cavitv 
of  the  tunica  vaginalis  testis,  tlie  pleui-al,  pericai*dial, 
and  peritoneal  cavities.  In  batrachian  animals — e,g, 
frogs — the  skin  all  over  the  trunk  and  extremities  is 
separated  from  the  subjacent  faseije  and  muscles  by 
large  bags  or  sinuses — the  subcutaneous  hjmph  sacs. 
These  sinuses  are  shut 
off  from  one  anotlier 
by  septa.  Between  the 
trimk  and  the  extremi- 
ties, and  on  the  latter, 
the  septa  generally 
occur  in  the  region  of 
the  joints.  In  female 
frogs  in  the  mesogas- 
tiium  smaller  or  larger 
cysts  lined  with  cili- 
ated endothelium  are 
sometimes  found.  Be- 
hind the  peritoneal 
cavity  of  the  frog,  on 
each  side  of  the  ver- 
tebral column,  exists  a 
similar  large  lymph  si- 
nus, called  the  cisterua 
lymphatica  magna. 

116.  The  lymph  cavities  are  in  all  instances  in  direct 
communication  with  the  lymphatics  of  the  surround- 
ing parts  by  holes  or  open  mouths  (stomata\  often 


-1 


%r^ 


Fig 


sr>.- Stoinata,  lined  with  Gennina- 
ting  Endothelial  Cells,  as  seen  from 
the  Cisternal  Surface  of  the  Septum 
Cistenue  Tiyni])haticjv  Magnie  of  tlu^ 
Froj?.     (Handbool:) 
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Burrounded  by  a  special  layer  of  polyljcdi-al  endothe- 
lial cells — germinating  cells  (Figs.  ?5,  86).  Such 
stomata  are  numerous  on  the  peritoneal  surface 
of  the  central  tendon  of  tlie  diaphragm,  in  which 
are  found  straight  lymph  channels  between  the  tendon 
bundles,  and  these  channels  communicate  by  nu- 
merous stomata  with 
the  free  surface.  A 
similar  arrangement 
exists  on  the  costal 
pleura,  the  omentum, 
and  the  cistema  lym- 
jihatica  magna  of  the 
frog.  (Se.p.  Chapter 
IV.) 

117.  Thesprous 
membranes  con- 
sist of  endothelium 
ui»on  a  layer  of 
.  fibrous  tissue  with 
networks  of  fine 
elastic  fibres ;  they 
contain  networks  of 
blood  c&pillaries  and  numei-ous  lymphatic  vertsels 
arranged  in  (su|)erficial  and  deep)  plexuses.  Plexuses 
of  lymphatics  are  very  numerous  in  the  pleura  costalis 
— or  rather,  intcrcostalis — in  the  diaphragm  and  pleura 
pulnionalia.  They  are  important  in  the  process  of 
absorption  from  the  pleural  and  peritoneal  cavitv 
respectively.  Lymph  and  lymph  corpuscles,  and  otlier 
solid  particles,  ai-e  readily  taken  up  by  tho  stomata 
(tea  Fig.  .'(1)  and  brought  into  the  lymphatics.  Hero 
the  respiratory  movements  of  the  intei'costal  muscles, 
of  the  diaphragm,  and  of  the  lungs  respectively,  pro- 
duce the  result  of  the  action  of  a  puiiip. 

118.  There  exists  a  deliiiite  relation  Iwtwcni  the 


lympliaticn  on  tlie  one  liiiud  and  the  cpitlie 


1  the 
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other,  which  covers  the  mucous  membranes  and  lines 
the  various  glands,  and  also  between  the  endothelium 
covering  serous  membranes  and  that  lining  their  vessels 
and  lymph  cavities — namely  this :  the  albuminous  semi- 
fluid cement  substance  {see  former  chapters)  between 
the  epithelial  or  endothelial  cells  is  the  path  by  which 
fluid  and  formed  matter  passes  between  the  surfaces 
and  the  lymph-canalicular  system — i.e.  the  rootlets  of 
the  lymphatics. 

119.  Liympli  taken  from  the  lymphatics  of  differ- 
ent regions  differs  in  composition  and  structure.  That 
from  the  thoracic  duct  contains  a  large  number  of 
colourless  or  white  corpuscles  (lymph  corpuscles),  each 
of  which  is  a  protoplasmic  nucleated  cell  similar  in 
structure  to  a  white  blood  corpuscle.  They  are  of 
various  sizes,  according  to  the  stage  of  ripeness.  The 
smaller  lymphocytes  contain  one,  some  of  the  larger  con- 
tain two  and  three  nuclei  corresponding  to  the  typical 
leucocytes.  The  latter  show  more  pronounced  amoeboid 
movement  than  the  former.  Also  "granular  "  oxyphile, 
basophile,  and  amphophile  cells  are  met  with  amongst 
the  leucocytes.  A  few  red  corpuscles  are  also  met 
with.  Granular  and  fatty  matter  is  present  in  large 
quantities  during  and  immediately  after  digestion. 

In  the  frog  (and  also  in  other  lower  vertebrates — 
e.g.  reptiles)  there  exist  certain  small  vesicular  lymph 
cavities,  about  an  eighth  of  an  inch  in  diameter, 
which  show  rhythmic  pulsation ;  they  are  called  lym^yh 
hearts.  On  each  side  of  the  os  coccygis  and  under- 
neath the  skin  is  a  pulsating  posterior  lymph  heart. 
The  anterior  lymph  heart  is  oval,  and  is  situated  on 
each  side  of  the  processus  trans  versus  of  the  third  and 
fourth  vertebrse ;  it  is  rather  smaller  than  the  posterior 
one.  Each  lymph  heart  has  afferent  lymphatics,  by 
which  it  is  in  open  communication  with  the  lymph- 
atics of  the  periphery,  and  from  it  passes  out  an  efferent 
vessel  which  opens  into  a  large  vein  (a  branch  of  the 
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sciiitic  and  jugular  veins  respectively).  A  valve 
allows  lymph  to  flow  out  of  the  lymph  heart  into 
the  vein,  but  prevents  regurgitation  of  blood  from 


Fig.  87.--Develoi»ing  Lymph-capillaries  iu  the  Tail  of  Tadpole.     {Atlas.) 
a,  Solid  nucleated  protoplasmic  branches  not  yet  hollowed  out. 


the  vein.  The  internal  surface  of  the  lymph  hearts 
is  lined  with  an  endothelium  like  the  lymph  sacs,  and 
in  their  wall  they  possess  plexuses  of  striped,  branched, 
muscular  fibres.  The  nerve  fibres  terminate  in  these 
striped  muscular  fibres  in  the  same  manner  as  in  those 
of  other  localities.     (Ranvier.) 
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120.  Lymphatic  vessels  are  developed  and  newly 
foiTaed  under  normal  and  pathological  conditions  in 
precisely  the  same  way  as  blood-vessels.  The  accom- 
panying woodcut  (Fig.  87)  shows  this  very  well.  We 
have  also  here  to  do  with  the  hollowing  out  of  (con- 
nective tissue)  cells  and  their  processes  previously 
solid  and  protoplasmic. 


126 


CHAPTER    XII. 

FOLLICLES   OR  SIMPLE  LYMPH   GLANDS. 

121.  Under  this  name  we  include  the  blood  glands, 
or  the  conglobate  gland  substance  of  Hewson,  His, 
and  Henle,  or  the  lymph  follicles  (Kolliker,  Huxley, 
Luschka).  The  ground  substance  of  all  lymph  glands, 
simple  as  well  as  compound  (see  below),  is  the  lymph- 
atic or  adenoid  tissue,  or  leucocytogenous  tissue. 
Like  all  other  gland  tissue,  it  is  supplied  with  a  rich 
network  of  capillaries  derived  from  an  afferent 
artery,  and  leading  into  efferent  veins. 

122.  The  elements  constituting  this  tissue  are  : — 
(a)  The  adenoid  reticulum  (Fig.  88),  a  network 

of  tine  homogeneous  fibrils,  with  numerous  plate-like 
enlargements. 

{h)  Small,  transparent,  flat,  endotheloid  cell  plates, 
each  with  an  oval  nucleus.  These  cell  plates  are  fixed 
on  the  reticulum,  of  which  at  first  sight  they  seem 
to  form  part.  Their  oval  nucleus  especially  appears 
to  belong  to  a  nodal  point — i.e.  to  one  of  the 
enlargements  of  the  reticulum ;  but  by  continued 
shaking  of  a  section  of  any  lymphatic  tissue,  the  oval 
nuclei  and  their  cell  plates  can  be  got  rid  of,  so  that 
only  the  reticulum  is  left,  without  any  trace  of  a 
nucleus. 

(c)  Lymph  corpuscles  completely  till  the  meshes  of 
the  adenoid  reticulum.  These  can,  however,  be  easily 
shaken  out.  They  are  of  different  sizes  ;  some — the 
young  ones — are  small  cells,  with  a  comparatively 
large  nucleus  ;  others — the  ripe  ones — are  larger, 
have  a  distinct  protoplasmic  cell  body,  with  one  or 
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two  nuclei.  In  all  lyiDphatio  tissues,  bo  th<iy  [lart  of 
a  simple  or  of  a  compound  lympli  glaut),  certain  parts 
are  of  great«r  transparency  than  others,  due  to  tlie 
lymph 


ir9' 


germ  nodules   {Fie mining).     The   germ   centres   n.iii 
not  permanent  structures. 

123.  The  adeuoid  tissue  occurs  as : 

(1)  Diff'uge  adenoid  tissue,  without  any  definite 
arrangement.  This  occurs  in  the  subepithelial  Inyer 
of  the  mucous  membrane  of  the  nssai  fusste  and 
trachea,  in  the  mucous  membrane  of  the  false  vocal 
corda  and  the  ventricle  of  tlie  larynx,  in  the  posterior 
part  of  the  epiglottis,  in  the  soft  palate  and  tonsils, 
at  the  root  of  tlie  tongue,  in  the  pharynx,  in  tlie 
mucosa  of  the  small  and  large  intestine,  including  the 
villi  of  the  former ;  luid  in  the  mucous  membrane  uf 
the  nasal  cavity  and  viigiiia. 

(2)  Coi-fls,  cyl'imkra,  or  paichcs  of  adenoid  tissue  ; 
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in    tbe    omentum    and    itleura,   and    in   the   spleen 
(Malpighian  (.■orpiisclea). 

(3)  Lymph  /ollides,  i.e.  oval  or  spherical  masses 
more  or  less  well  defined  ;  in  the  tonsils,  at  the  root 
of  the  tongue,  in  the  upper  part  of  the  pharynx 
(pharynx  tonsil),    in  the  Htoraaoh,   small    and   large 


intestine ;  in  the  nasal  mucous  membrane,  in  the 
large  and  small  bronchi ;  and  in  the  spleen  (Mal- 
pighian corpuscles). 

Most  of  these  masses  of  adenoid  tissue  mentioned 
hitherto  are  developed  in  the  wall  or  even  in  the 
cavity  of  a  lymph  vessel  or  lymph  sinus  as  peri-  and 
endo-lympkant/ial  nodules;  in  the  former  case  tlie 
lymph    tissue   remains   surrounded  for  a  smaller  or 
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lat^i*  part  of  its  periphery  by  a  lymph  ainu^  forming 

part  of  a  network  of  lymph  tubes  {Fig  S9,  k  and  b) 

124.  The  tODslls  (Fig  90)  are  masaea  of  lympti 

follicles  and  diffuse  adenoid  tissue  co\ered  with  athiii 

8  membrane,  which  penetrates  in  the  shape  of 


longer  or  shoiler  folds  into  the  a 
Numbers  of  mucus-see  ret  ing  glands  situated  outside 
the  layer  of  lymph  follicles  discharge  their  secretion 
into  the  pits  (the  erypfa)  between  the  folds.  The  free 
surface  of  the  tonsils  and  the  crypts  is  covered  or 
lined  with  similar  stratified  epithelium  to  that  which 
lines  the  oral  cavity.     Numbers  of  lymph  c 
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constantly,  in  the  perfectly  normal  condition,  migrate 
through  the  epithelium  on  to  the  free  surface,  and  are 
mixed  with  the  secretions  (mucus  and  saliva)  of  the 
oral  cavity.  The  so-called  mucous  or  salivary  cor- 
puscles of  the  saliva,  taken  from  the  oral  cavity,  are 
such  discharged  lymph  corpuscles  (Stohr).  They 
become  swollen  up  by  the  water  of  the  saliva,  and 
assume  a  spherical  shape.     They  finally  disintegrate. 

Similar  relations,  only  on  a  smaller  scale,  obtain 
at  the  root  of  the  tongue. 

The  pharynx  tonsil  of  Luschka,  occurring  in  the 
upper  part  of  the  pharynx,  is  in  all  essential  respects 
similar  to  the  palatine  tonsil.  Owing  to  large  parts 
of  the  mucous  membrane  of  the  upper  portion  of  the 
pharynx  being  covered  with  ciliated  columnar  epi- 
thelium, some  of  the  crypte  in  the  pharynx  tonsil  are 
also  lined  with  it. 

125.  The  lenticular  §^lands  of  the  stomach  are 
single  lymph  follicles. 

The  solitary  §^lands  of  the  small  and  large 
intestine  are  single  lymph  follicles. 

The  ag^mlnated  g^lands  of  the  ileum  are  groups 
of  lymph  follicles.  The  mucous  membrane  containing 
them  is  much  thickened  by  their  presence.  These 
groups  of  follicles  are  called  a  Peyer^s  patch  or  a 
Peyer^s  gland  (see  Intestine). 

126.  In  most  instances  the  capillary  blood-vessels 
form  in  the  lymph  follicles  meshes,  arranged  in  a  more 
or  less  radiating  manner  from  the  periphery  towards 
the  centre ;  around  the  periphery  there  is  a  network 
of  small  veins.  A  larger  or  smaller  portion  of  the 
circumference  of  the  follicles  of  the  tonsils,  pharynx, 
intestine,  bronchi,  etc.,  is  surrounded  by  a  lymph 
sinus  leading  into  a  lymphatic  vessel.  (See  above.) 
The  lymphatic  vessels  and  lymph  sinuses  in  the 
neighbourhood  of  lymphatic  follicles  or  of  diflfuse 
adenoid  tissue   are   almost   always  found  to  contain 
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numerous  lyiuph  corpuscles,  tlius  indicating  tliat 
these  are  produced  by  the  adenoid  tissue  and  absoibed 
by  the  lymphatics. 

127.  The  thymus    gland  consists  of  a  frame 


work  and  the  glan  I  substan  e  Tl  e  foru  er  3  fabro  s 
connect  e  t  sa  e  arrange  I  as  an  outer  capsule  and 
in  connect  0  w  tl  t  are  septa  a  d  trabeculie  passing 
into  the  gland  ^nd  fiubdividing  it  into  lobes  and 
lobules,  wliich  latter  are  again  subdivided  into  the 
follicles  (Fig.  91).  Tlie  follicles  are  very  irregular 
in  shape,  most  of  them  being  oblong  or  cylindrical 
streaks  of  adenoid  tissue.  Near  the  capsule  they  are 
well  defined  from  one  another,  and  present  a  polygonal 
outline  ;  farther  inwards  they  are  iliore  or  less  fused. 
Elach  shows  a  central  transparent  medullaigarra  centre) 
and  a  peripheral   less  transparent  cortex  (Watney). 
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At  the  places  where  two  follicles  are  fused  with  one 
another  the  medulla  of  both  is  continuous.  The  matrix 
is  adenoid  reticulum,  the  fibres  of  the  medullary  part 
being  coarser  and  shorter,  those  of  the  cortical  portion 
of  the  follicle  finer  and  longer.  The  meshes  of  the 
adenoid  reticulum  in  the  cortical  part  of  the  follicles 
are  filled  with  lymph  corpuscles  like  those  occurring  in 
the  adenoid  tissue  of  other  organs,  but  in  the  medul- 
lary part  they  are  fewer,  and  the  meshes  are  more  or 
less  completely  occupied  by  the  enlarged  but  more 
transparent  cells  ;  in  many  of  these  mitotic  division  of 
the  nucleus  occurs.  These  conditions  cause  the  greater 
transparency  of  the  medulla  and  represent  the  germ 
centres  above  mentioned.     Amongst  the  large  cells  of 

the  medullary  portion, 
some  are  coarsely  granu- 
lar and  include  more 
than  one  nucleus ;  some 
are  even  multinucleated 
giant  cells. 

Fig.  92.— Two  Concentric  or  Ha8.sairs  1  OQ       A  mnncrcf  i\\f^  n^^lU 

Corpuscles  of  the  Thymus.  Fcetal       ,  ^f^'    AmongSt  me  ceilS 

Gland.  of  the  medulla  occur  also 

larger  or  smaller,  more 
or  less  concentrically  arranged  nucleated  protoplasmic 
masses,  which  are  the  concentric  bodies  of  Hassall 
(Fig.  92).  They  are  met  with  even  in  the  early 
stages  of  the  life  of  the  thymus,  and  cannot  there- 
fore be  connected  with  the  involution  of  the  gland, 
as  maintained  by  Afanassief,  according  to  whom 
the  concentric  corpuscles  are  formed  in  blood-vessels 
which  thereby  become  obliterated.  According  to 
Watney  they  are  concerned  in  the  formation  of  blood- 
vessels and  connective  tissue. 

The  lymphatics  of  the  interfollicular  septa  and 
trabeculse  always  contain  numbers  of  lymph  corpuscles. 
The  blood  cai)illaries  of  the  follicles  are  more  richly 
distributed  in  the  cortex   than  in  the  medulla,  and 
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they  radiate  from  the  periphery  towards  the  central 
parts. 

129.  After  birth  the  thymus  begins  to  iindeigo 
involutioji,  leading  to  the  gradual  disappearance  of 
the  greater  portion  of  the  gland,  its  place  being  taken 
by  connective  tissue  and  fat.  But  the  time  when 
the  involution  is  completed  varies  within  very  wide 
limits. 

It  is  not  unusual  to  find  in  persons  of  fifteen  to 
twenty  years  of  age  an  appreciable  amount  of  thymus 
tissue.  According  to  Waldeyer,  about  60  per  cent,  of 
adults  examined  had  still  a  portion  of  thymus  gland 
left.  In  some  animals — e.g.  guinea-pig — the  involu- 
tion of  the  gland  even  in  the  adult  has  not  made  much 
progress.  In  the  thymus  of  the  dog  Watney  found 
cysts  lined  with  ciliated  epithelial  cells. 
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CHAPTER  XIII. 

COMPOUND   LYMPHATIC   GLANDS. 

130.  The  compound  or  true  lymphatic  glands  are 
nodules,  generally  of  an  oblong  shape,  directly  inter- 
polated in  the  course  of  lymphatic  vessels.  Such  are 
the  mesenteric,  portal,  bronchial,  splenic,  sternal, 
cervical,  cubital,  popliteal,  inguinal,  lumbar  glands. 
Afferent  lymphatic  vessels  anastomosing  into  a  plexus 
open  at  one  side  (in  the  outer  capsule)  into  the 
lymphatic  gland,  and  at  the  other  (the  hilum)  emerge 
from  it  as  a  plexus  of  efferent  lymphatic  tubes. 

131.  Each  true  lymphatic  gland  is  enveloped  in  a 
fibrous  capsule  which  is  connected  with  the  interior 
and  the  hilum  by  trabeciclce  and  septa  of  connective 
tissue.  The  trabeculse  having  advanced  a  certain 
distance,  about  one-third  or  one-fourth,  towards  the 
centre,  branch  into  minor  trabeculse,  which  in  the. 
gland  anastomose  with  one  another  so  as  to  form  a 
plexus  with  small  meshes.  Thus  the  peripheral  third 
or  fourth  of  the  gland  is  subdivided  by  the  septa  and 
trabeculae  into  relatively  large  spherical  or  oblong 
compartments,  while  the  middle  portion  is  made  up  of 
relatively  small  cylindrical  or  irregularly-shaped  com- 
partments (Fig.  93).  The  former  region  is  the  cortex, 
the  latter  the  medulla  of  the  gland.  The  compart- 
ments of  the  cortex  anastomose  with  one  another  and 
with  those  of  the  medulla,  and  these  latter  also  form 
one  intercommunicating  system. 

The  fibrous  capsule,  the  septa  and  trabeculae  are 
the  carriers  of  the  vascular  trunks  ;  the  trabeculse 
consist  of  fibrous  connective  tissue  and  of  a  certain 
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amount  of  non-striped  muscular  tissue,  which  is  con- 
spicuous in  some  animals — e.g.  pig,  calf,  rabbit, 
guinea-pig — but  is  scanty  in  man. 

Sometimes  coarsely  granular  connective-tissue  cells 
(plasma  cells)  are  present  in  considerable  numbers  in 
the  ti-abeculte. 

132.   The  compartments  contain  masses  of  adenoid 


tissue,  without  being  completely  filled  with  it.  Those 
of  the  cortex  contain  oval  or  spherical  masses — (Ae 
lymph  follicles  0/  the  cortex ;  tliose  of  the  medulla 
cylindrical  or  irregularly -shaped  masses —  the  medullary 
ei/linders.  The  former  anastomose  with  one  another 
and  with  the  latter,  and  the  hitter  amongst  them- 
selves, a  condition  easily  understood  from  what  lias 
been  said  above  of  the  nature  of  the  compartments 
containing  these  lymphatic  structures.     The  follicles 
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and  medullavy  cylinders  consist  of  adenoid  tissue  with 
germ  centres  of  exactly  similar  character  to  that 
described  in  the  previous  chapter.  And  tliis  tissue 
also  contains  the  last  ramifications  of  the  blood- 
vessels— i.e.  the  last  branches  of  the  arteries,  a  rich 
network  of  capillary  blood-vessels,  and  the  first  or 
smaller  branches  of  the  veins.  The  capillaries  and 
other  vessels  receive  alfto  here  an  adventitious  envelope 
fiom  the  adenoid  reticulum. 

133.  The  cortical  follicles  and  the  medullary 
cylinders  do  not 
completely  fill  out 
the  compartments 
made  for  them  by 
tha  capsule  and 
trabeculte  respec- 
tively, but  a  rkar- 
row        peripheral 

paHment  is  left 
free;  these  are  the 
lymphatic  sinuses. 
In  the  cortex  they 
are  spoken  of  as 
the  cortical  (Fig. 
94),  in  the  medulla 
as  the  medullary, 
lymph  sinuses 
(Fig.  95).  The 
former  is  a  space 
between  the  outer 
surface  of  the  cor- 
tical lymph  follicle 


sponding  part  of  the  capsule  or 
latter  between  the  surface  of  ) 
and  the  traheculie.     From  what 


md     the 
cortical  aeptui 
medullary  cylnider 
las  been  said  of  the 


m,  tlie 
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relation  of  the  compartments,  it  follows  that  the 
cortical  and  medullary  lymph  sinuses  fomi  one  inter- 
communicating system.  These  are  not  empty  free 
spaces,  but  are  fiHad  with  a  coarse  reticulum  of  fibres, 
much  coarser  than  the  adenoid  reticulum  ;  to  it  are 
attached  large    transparent  cell  plates — endotheloid 


:  instances  (a» 
plates  of  the  medullary  ^\m 
pigment  granules,  which  give  to  the  medulla  of  the 
gland  a  dark  brown  aspect  In  the  meshes  of  the 
reticulum  of  the  sinuses  are  contained  lymph  cor- 
puscles, the  m»|oiity  of  which  consist  of  a  compara- 
tively large  protoplasniii,  body  -ind  one  or  two  nuclei  ■, 
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they  show  lively  amoeboid  movement ;  a  few  small 
lymphocytes  are  also  amongst  them. 

The  surface  of  the  trabeculae  facing  the  lymph 
sinuses  is  covered  with  a  continuoys  layer  of  endothe- 
lium (von  Recklinghausen),  and  a  similar  endothelial 
membrane,  but  not  so  complete,  can  be  made  out  on 
the  surface  of  the  cortical  follicles  and  the  medullary 
cylinders.  The  endotheloid  plates,  applied  to  the 
reticulum  of  the  sinuses,  are  stretched  out,  as  it 
were,  between  the  endothelial  membrane  covering 
the  surface  of  the  trabeculge  on  the  one  hand  and 
that  covering  the  surface  of  the  follicles  and  cylinders 
on  the  other. 

In  the  mesenteric  glands  of  the  pig  the  distribu- 
tion of  cortical  follicles  and  medullary  cylinders  is 
almost  the  reverse  from  that  of  other  glands  and  in 
other  animals :  the  cortical  part  having  the  arrange- 
ment of  cylinders  of  adenoid  tissue  and  trabecular, 
while  the  medulla  shows  lymph  follicles  and  longer 
septa  between  them. 

134.  The  afferent  lymphatic  vessels  having  entered 
the  outer  capsule  of  the  gland,  and  having  formed 
within  the  capsule  a  dense  plexus,  open  directly  into 
the  cortical  lymph  sinuses.  The  medullary  lymph 
sinuses,  on  the  other  hand,  lead  into  lymphatic  vessels, 
which  leave  the  gland  at  the  hilum  as  the  efferent 
vessels. 

Both  afferent  and  efferent  vessels  are  supplied 
with  valves. 

1 35.  The  course  of  the  lymph  through  a  lymphatic 
gland  is  this  :  From  the  afferent  vessels,  situated  in 
the  capsule,  the  lymph  flows  into  the  cortical  lymph 
sinuses,  from  these  into  the  medullary  sinuses,  and 
from  these  into  the  efferent  lymphatics.  Owing  to 
the  presence  of  the  reticulum  in  the  lymph  sinuses  the 
current  of  the  lymph  will  flow  very  slowly  and  with 
difficulty,   as  if  through   a  spongy   filter.     Hence  a 
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large  number  of  formed  corpuscles,  pigment,  inflam- 
matory or  other  elements,  passing  into  the  gland  fi-om 
the  afferent  vessels  are  easily  arrested  and  deposited 
in  the  sinuses,  and  are  there  readily  swallowed  by  the 
amcBboid  corpuscles  lying  in  the  meshes  of,  or  de- 
posited on  the  reticulum. 

Passing  a  stream  of  water  by  way  of  the  afferent 
lymph  vessels  through  the  gland,  the  contents  of  the 
meshes  of  the  reticulum  of  the  sinuses — i,e,  the 
lymph  corpuscles— are  of  course  the  first  things 
washed  out  (von  Recklinghausen),  and  on  continuing 
the  stream  some  of  the  lymph  corpuscles  of  the 
folHcles  and  cylinders  are  also  washed  out.  Probably 
also  by  the  normal  lymph-stream  passing  from  the 
minute  arteries  and  capillary  blood-vessels  of  the 
adenoid  tissue  (follicles  and  medullary  lymph 
cylinders)  into  the  lymph  sinuses,  lymph  colls  are 
drained,  as  it  were,  from  the  follicles  and  cylin(lei*s 
into  the  sinuses.  The  ama^boid  mov(}ment  of  those 
cells  will  greatly  assist  their  passage  into  tho  sinuses. 
From  here  the  cells  are  carried  away  by  tho  lymph 
current  into  the  efferent  lymph  vessels,  and  are  ulti- 
mately carried  into  the  big  lymph-trunks  discharging 
into  the  big  veins — i.e.  into  the  circulating  blood — as 
white  blood  corpuscles. 


CHAPTER    XIV. 

NEKVE  FIBRES. 

136.  The  nerve  fibres  conduct  impulses  to  or 
from  the  tissues  and  organs  on  the  one  hand,  and  the 
nerve  centres  on  the  other,  and  accordingly  we  liave 
to  consider  in  each  nerve  fibre  the    peripheral  and 


central  termination  and  the  conducting  part.  The 
latter,  i.e.  the  nerve  fibres  proper,  in  the  cei-ebro- 
spinal  nerves  are  grouped  into  bundles,  and  these 
again  into  anatomical  nerve  branches  and  nerve 
trunks.     Each  anatomical  cerebro-spinal   nerve  con- 
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sists,  therefore,  of  bundles  of  nerve  fibres  (Fig.  96). 
The  general  stroma  by  which  these  bundles  are  held 
together  is  fibrous  connective  tissue  called  the  epi- 
neurium  (Key  and  Retzius) ;  this  epineurium  is  the 
carrier  of  the  larger  and  smaller  blood-vessels  with 
which  the  nerve  trunk  is  supplied,  of  a  plexus  of 
lymphatics,  of  groups  of  fat  cells,  and  sometimes  of 
numerous  plasma  cells. 

137.  The  nerve  bundles  or  funiculi  (Fig.  97)  vary 
in  size  according  to  the  number  and  size  of  the  nerve 
fibres  they  contain.  They  are  well  defined  by  a 
sheath  of  their  own,  called  perineurium  (Key  and 
Retzius).  This  perineurium  consists  of  bundles  of 
fibrous  connective  tissue  arranged  in  lamellae,  every 
two  lamellae  being  separated  from  one  another  by 
smaller  or  larger  lymph  spaces,  which  form  an  inter- 
communicating system,  and  anastomose  with  the 
lymphatics  of  the  epineurium  whence  they  can  be 
injected.  Between  the  lamellae,  and  in  the  spaces, 
are  situated  flattened  endotheloid  connective-tissue 
corpuscles. 

The  nerve  bundles  are  either  simple  or  compound. 
In  the  former  the  nerve  fibres  are  not  subdivided 
into  groups  within  the  bundle,  in  the  latter  the 
bundles  are  subdivided  by  thicker  and  thinner  septa 
of  fibrous  connective  tissue  connected  with  the  peri- 
neurium. When  a  nerve  bundle  divides — as  when  a 
trunk  repeatedly  branches,  or  when  it  enters  on  its 
peripheral  distribution — each  branch  of  the  bundle 
receives  a  continuation  of  the  lamellar  perineurium. 
The  more  branches  the  perineurium  has  to  supply, 
the  more  reduced  it  becomes  in  thickness.  In  some 
of  these  minute  branches  the  perineurium  is  reduced 
to  a  single  layer  of  endothelial  cells.  When  one  of 
these  small  bundles  breaks  up  into  single  nerve 
fibres,  or  into  small  groups  of  them,  each  of  these  has 
also   a   continuation   of    the    fibrous   tissue    of    the 
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perineurium  In  some  places  this  perineural  con- 
tinuation s  only  a  \  ery  leiicate  endothel  al  n  en  brane 
as  just  mentioned  m  others  it  s  of  cons  deral  le 
thickness  and  still  si  ows  its  lamellated  nature    Such 


a  lamellated  sheath  of  single  nerve  fibres,  or  o  a 
small  group  of  them,  represents  what  is  called  a 
Uenie'i  s/ieat/i. 

138.  Thenerve  fibres  are  held  together  orseparated 
respectively  within  the  bundle  by  connective  tissue, 
called  the  endoneurium  (Fig.  97).  This  is  a  homo- 
geneous ground  substance  in  which  are  embedded 
fine  bundles  of  fibrous  connective  tissue,  and  con- 
nective-tissue corpuscles,  and  capilhiry  blood-vessels 
arranged  so  as  to  form  a  network  with  elongated 
meshes.  Between  the  perineurium  and  the  nerve 
fibres  are  found  here  and  there  lymph  spaces  ;  similar 
spaces  separate  the  individual  nerve  fibres,  and  have 
been  injected  by  Key  and  Retziua.  The  endoneural 
lymph  spaces  communicate  with  those  of  the  peri- 
neural sheath. 
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When  nerve  trunks  anastomose  so  as  to  form  a 
plexus — e,g.  in  the  brachial  or  sacral  plexus — there 
occurs  a  division,  an  exchange  and  re- arrangement 
of  nerve  bundles  in  the  branches.  A  similar  con- 
dition obtains  in  the  ganglia  of  the  cerebro- spinal 
nerves.  Nerve  trunks  and  nerve  branches  passing 
through  a  lymph  cavity,  such  as  the  subdural  spaces, 
or  the  subcutaneous  lymph  sacs,  or  the  cisterna  lym- 
phatica  magna  in  the  frog,  receive  from  the  serous 
membrane  an  outer  endothelial  covering. 

139.  Most  of  the  nerve  fibres  in  the  bundles  of 
the  cerebro-spinal  nerves,  with  the  exception  of  the 
olfactory  nerve,  are  medullated  nerve  fibres.  These 
are  doubly  -  contoured  smooth  cylindrical  fibres, 
varying  in  diameter  between  ^o\jo  ^^  more  and 
To^oo  ^^  *^  inch.  Within  the  same  nerve,  and 
even  within  the  same  nerve  bundle,  there  occur 
fibres  which  are  several  times  thicker  than  others, 
and  it  is  probable  that  they  are  derived  from  ditierent 
sources  ;  this,  for  instance,  is  very  conspicuous  in  the 
vagus  nerve  (Gaskell,  Fig.  98).  Schwalbe  has  shown 
that  the  thickness  of  the  nerve  fibre  stands  in  a 
cei-tain  relation  to  the  distance  of  its  periphery  from 
the  nerve  centre  and  to  its  functional  activity. 

A  medullated  nerve  fibre  in  the  fresh  condition  is 
a  bright  glistening  cylinder,  showing  a  dark  double 
contour.  Either  spontaneously  after  death,  or  after 
reagents — as  water,  salt  solution,  dilute  acids — or 
after  pressure  and  mechanical  injuiy,  the  outline  of 
the  nerve  fibre  becomes  irregular;  smaller  or  larger 
glistening  dark-bordered  droplets  and  masses  appear, 
and  gradually  become  detached.  These  droplets  and 
masses  are  called  myeline  droplets,  and  are  derived 
from  the  fatty  substance  or  tnyelin  constituting  the 
medullary  sheath  or  white  substance  of  Schwann  (see 
below).  When  a  nerve  fibre  within  the  bundle  under- 
goes degeneration  during  life,  either  after  section  of 
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the  nerve  or  after  other  pathological  changes,  or  iti 
the  natural  course  of  its  existence  (8.  Mayer),  tlie 
meduIUry  sheath  is  the  first  to  undergo  change  ;  it 
breaks  up  into  similar  smaller  or  larger  g' 


igli  tliu  Vogu«  Serve,  ahowing  In 


particles,  whicli  gradually  become  granular  and 
absorbed.  Later  also  the  axis  cylinder  dwindles 
away,  and  only  the  neurilemma  with  the  nucleated 
corpuscles  persist. 

140.  Each  medullated  nerve  fibre  (Fign.  99,  101) 
consiHts  of  the  following  parts ;  (o)  the  central  axi» 
cylinder,  axon  or  neura.con.  This  is  tlie  essential 
part  of  the  fibre,  and   is  a  cylindrical  or  band-like, 


Nerve  Fibres,  145 

pale,  transparent  structure,  which  in  certain  locali- 
ties (near  the  terminal  distribution,  in  the  olfactory 
nerves,  in  the  central  nervous  system),  and  especially 
after  certain  reagents,  shows  itself  composed  of  very 
fine  homogeneous  or  more  or  less  beaded  fibrillie — the 
elementary  or  primitive  fibrillce  (Max  Schultze)— held 
together  by  a  small  amount  of  a  faintly  granular  in- 
terstitial substance  The  longitudinal  striation  of 
the  axis  cylinder  is  due  to  its  being  composed  of 
primitive  fibrillse.  The  thickness  of  the  axis  cylinder 
is  in  direct  proportion  to  the  thickness  of  the  whole 
nerve  fibre.  The  axis  cylinder  itself  is  enveloped  in 
its  own  hyaline  more  or  less  elastic  sheath — the  axi- 
lemma  (Kiihne),  composed  of  neurokeratin. 

141.  (6)  The  medullary  sheath^  or  myeline  sheath, 
or  white  substance  of  Schwann,  is  also  called  the 
medulla  of  the  nerve  fibre.  This  is  a  glistening 
bright  fatty  substance  surrounding  the  axis  cylinder, 
as  an  insulating  hollow  cylinder  surrounds  an  electric 
wire.  The  medullary  sheath  gives  to  the  nerve  fibre 
its  double  or  dark  contour.  Between  the  axis  cylinder 
and  the  medullary  sheath  there  is  a  small  amount  of 
albuminous  fluid,  which  appears  greatly  increased 
when  the  former,  owing  to  shrinking,  stands  farther 
apart  from  the  latter. 

142.  (c)  The  sheath  of  Schwann,  oy  thQ  neurilemma , 
closely  surrounds  ti.e  medullary  sheath,  and  forms  the 
outer  boundary  of  the  nerve  fibre.  It  is  a  delicate 
structureless  niernbiane.  Here  and  there  between 
the  neurilemma  and  the  medullary  sheath,  and 
situated  in  a  depression  of  the  latter,  is  an  oblong 
nucleus,  surrounded  by  a  thin  zone  of  protoplasm. 
These  nucleated  corpuscles  are  the  nerve  corpuscles 
(Fig.  99),  and  are  analogous  to  the  muscle  corpuscles, 
situated  between  the  sarcolcmma  and  the  striated 
muscular  substance.  They  are  not  nearly  so  numerous 
as  the  muscle  corpuscles. 

K 
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143.  The  neurilemma  presenbi  at  certain  defiuito 
intervals  annular  constrictions — the  itodea  or  conatric- 
tiom  0/  Sanvier  (Figa.  99,  100,  101)— and  nt  these 
nod  en  of  Ranvier  the  medullary 
sheatb,  but  not  the  axis  cylinder  and 
its  Bpecial  sheath,  is  suddenly  int«r- 
nipted,  and  sharply  terminates  at 
the  constriction.  Tlic  neurilemma 
in  nt  the  same  time  thickened  by 
annular  permiinent  folds  (see  b  in 
Fig.  101).  The  portion  of  the  nerve 
fibre  situated  between  two  nodes  is 
the  internodat  Mgment.  EhcIi  iii- 
temodal  segment  has  gentrally  one, 
occasionally  niore  than  one,  nerve 
coq>usc]e.  The  medidlary  cylinder 
uf  each  int«rnmlal  segment  in  made 
uj)  of  a  number  of  conical  sections 
(Fig.  101,  A)  imbricated  at  tlieir  ends 
',  (Schmidt,  L»nterniann ;  and  each 
;  such  section  is  again  made  up  of  a 
,-  large  number  of  rod-like  structures 
"SimV  sb^'tii  iS^  {^^^-  ^03)  placed  vertically  on  the 
bwn  JiMuirai  a^is  cylinder  (MacCarthy). 
KiuiiKMi       obfcng  liiese    i-o<1m    are,    however,    con- 

nlm'  '"wn^nirtB"  "^"^^^  '"**  **  network.  The  net- 
wiiiiin  (he  riouri-  work  itself  is  very  likely  the  neuro- 
''""""■  '■""'"■I  keratin  of  Ewald  and  Kiihne,  where- 
as the  interstitial  substunee  of  the  network  is 
probably  the  fatty  substance  leaving  the  nerve 
libre  in  the  shape  of  niyeline  droplets,  when  pres- 
sure or  reagent'!  are  applied  Ui  tjie  fresh  nerve 
fibre. 

H4.  Medullated  nerve  fibres  willtoiil  any  neiiri- 
/cniHin,  and  conscijuently  without  any  nodes  of 
Riinvier,  with  a  thick  more  ur  less  distinctly  laminated 
medullnry  shwith,  form  the  entire  white  substance  of 


Nerve 

the  brfua  and  spinal  cord, 
hardened  and  fi%sh  state, 
be  noticed,  which  show 
more  or  less  r^;ular 
varicosities,  owin^  to 
local  accumulations  of 
fluid  between  the  axis 
cylinder  and  ineduHaiy 
sheath.        These     are 


fibres.  They  occur  also  in 
the  liranches  of  tlie  sympa- 
thetic nerve. 

The  nerve  fibres  of  the 
nptie  and  acotialic  nerve  are 
medullated,  but  without  any 
neurilemma  ;  tliey  are  there- 
fore without  any  nodt's  of 
itanvier.    Varicosft  fibres  ai'C 

145.  MeduUated  nerve 
fibres  occasionally  in  their 
course  divide  into  two  me- 
dullated  KbreN,  Such  divi- 
sion    is     very 
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m^dullated  nene  libies  supplying  striped  muscular 
tissue  especially  at  or  near  the  point  of  entrance 
into  the  muse  lar  fibres  (See  below.)  But  also 
m  other  localities  division  of  nerve  fibres  may  be 
met  with,  rhe  eleotnc  nerve  of  the  electric  fishes 
—  e.g.  malapterurus,  gjm- 
notus,  siluruB — showssucli 
divisions  to  an  extraor- 
dinary degree,  one  huge 
nerve  fibre  dividing  at 
;e  into  a  bundle  of 
minute  fibres.  Division 
a  medu  Hated  fibre 
takes  place  generally  at 
I  node  of  Banvier.  The 
branches  taken  together 
e  generally  thicker  than 
the  undivided  part  of  the 
fibre,  but  in  structure 
they  are  ideutical  with 
the  latter. 

146.     When     medul- 
ed     nerve    fibres     ap- 
B  c  proaoh    their    periphei-al 

-Meduibttd  Nerve  Fibres,    termination,  they  change 
li°S  ™iii?i:*^  am  rael^unrl  Goouer  Or  later,  inasmuch 
"Ijr'aiia^' 'J^i'ndrr'tiiil'niaiulia^rj  as  their  medullary  sheath 
mi^uw roils.'  anrt\b"i]'ii4te'aeuri-  suddenly  ceases  ;  and  now 

lated  or  grey  (tnuis- 
parent)  nerve  fibre  of  Reinak.  Each  of  these  consists 
of  an  axis  cylinder,  a  neurilemma,  and  between  the 
two  a  nucleated  nerve  corpuscle  from  place  to  place. 
Non-niedullated  nerve  fibres  always  show  the  fibrillar 
nature  of  their  axis  cylinder.  The  olfactory  nerve 
branches  are  entirely  m»de  up  of  non-medul lated 
nerve  fibres.     In    the    branches   of  the  symjiathetic 
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most  fibres  are  non-meilu Hated.  Non-metlu Hated 
fibres  do  not  show  Ranvier's  constrictions.  Bundles  of 
non-medullat«d  fibres  are  grey,  bundles  of  medullated 
fibres  are  white,  when  viewed  in  reflected  light ;  the 
former  being  without  mcdullaiy  slieatli  allow  light  to 


pass  throngh   them,  while  the  latter  owing  to  their 
medullary  (fatty)  sheath  reflect  light  ntrongly. 

In  the  extra- vertebral  couvse  of  many  branches 
of  the  cerebro-spinal  nerves^e.;/.  tliose  supplying  the 
liniljs,  the  wall  of  the  c'lest  and  alxlomen — there  occur 
non-medu  Hated    fibres    generally    in    small    groups ; 
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these  fibres  are  considered  to  be  derived  from  the 
sympathetic  system,  having  joined  the  cerebro  spinal 
nerves  by  the  grey  portions  of  the  rami  communi- 
cantes  (Gtiakell).  The  non  medullated  fibres  near  their 
terminal  distribution  always  undei^  repeated  divi- 
sions. They  form  plexiisea,  large  fibres  branchiug 
into  smaller  ones,  and  those  again  joining.      Oener- 


endrittctennlnsUo  >— Denrlroi 
aectloD  nf  the  optic  Inbe  of  a  L  nl  prepured  bj'  Gotgl  a  n  ethod      (£.  v 
Ciuol  fio!K  Qim  n.) 

*  "Km  °8  mJ  T'afs'lSs  ififhMd  Mvsnlt  l"  era  Ms"'™val"o™llie  o?^  n'"'* 

ally  at  the  nodal  points  of  these  plexuses  there  are 
triangular  nuclei,  indicating  the  corpuscles  of  the 
neurilemma. 

147.  Finally  the  iion-niedullated  nerve  fibres  leav- 
ing the  plexuses  ultimately  lose  their  neurilemma  and 
break  up  into  their  constituent  small  bundles  and 
even  single  primitive  nei've  jihrilke,  which  occasion- 
ally show  regular  varicosities  (Fig.  105).  Of  course, 
of  a  neurilemma  or  the  nuclei  of  the  nerve  corpuscles 
there  is  nothing  left.     The  bundles  of  primitive  fibrils 
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and  also  single  fibrils  bi'anch  and  interlace,  whereby  a 
more  or  less  dense  dendritic  ramification — arborisa- 
tion or  dendron — is  produced  (Fig.  104).     The  indivi- 


dual fibrils  of  the  dendron  ore  straight  or  twisted,  and 
often  provided  with  smaller  or  larger  ternnnal  knobs. 
In  some  localities — e.g.  in  the  grey  matter  of  the 
central   nervous  system — the  number  of  fibrils  con- 


'5' 


Elements  of  Histology. 


stitiiting  a  dendron  is  large  and  hence  the  dendron 
IB  conspicuous,  in  other  localities  the  number  of  hbnls 
is  relatively  scanty — eg  m  the  anterior  epithelium 
of  the  cornea — and  hence  the  ailorising  character 
of  the  dendron  is  not  ^ery  conspicuous  (Fig    103) 


Pronounced  dendrons  are  found  in  the  nerve  termin- 
ation in  muscle  and  tendon  (the  endplates)  in  the 
branched  processes  (dendrites)  of  the  ganglion  cells 
in  the  central  nervous  system,  as  will  be  described 
and  illustrated  later. 

In  the  akin,  cornea  and  mucous  membranes, 
the  peripheral  termination  —  i.e.  the  primitive 
fibrils  and  their  ramitications,  are  intra-epitlielial 
(Fig.  IOC).  I.e.  they  are  situated  in  the  stratum 
Afalpighii  of  the  epidermis,  in  the  epithelial  parts  of 
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the  hair  follicle,  in  the  anterior  epithelium  of  the 
cornea,  or  in  the  epithelium  of  the  mucous  mem- 
branes. The  primitive  nerve  fibrils  lie  in  the  inter- 
Htitiul  substance  hetiveeyi  the  epithelial  cells,  and  some 
of  them    have    been   observed    to   end   with  minute 


Fij;.  107.— From  p>l(I-Mtniiifil  cuiin-a  of  fro'^  .Hliowiii^  flu*  iiaiiiiM-<ius  iMraileil 
linn  nervi'  tlhrils  aiul  tin?  braiirljttl  corneal  corpu-^cles.  {Phntn.,  highly 
Matjnijtfil.) 


knobs   in    the    cell    substance    itself    close    to    the 
nucleus  (Pfitzner,  Macallum). 

14tS.  Tmcing  then  a  nerve  fibre,  say  ont^  of  com- 
mon sensation,  from  th(?  periphery  towards  the  centre, 
we  have  isolated  primitiVf\fihriU  or  their  nunitications  ; 
they  form  by  a<5i^regation  slniph  aritt  ryllmi^.vtt^  wUkU 
vary  in  thickness  accoitiing  to  t\\e  umuxW^y  vA  vWvc 
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constituent  primitive  fibrils.  These  axis  cylinders 
then  become  invested  by  neurilemma  and  nuclei,  and 
form  plexuses.  By  association  they  form  larger  axis 
cylinders,  and  these  form  typical  non-rtiedullated  nerve 
fibres  with  neurilemma,,  and  with  the  nuclei  of  nerve 
corpuscles  (Fig.  106).  Lastly,  if  a  medullary  sheath 
makes  its  appearance  between  the  neurilemma  and 
the  axis  cylinder  of  each  fibre  we  get  a  meduUated 
nerve  fibre. 
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CHAPTER   XV, 

PERIPHERAL    NERVE-ENDINGS. 

149.  In  the  preceding  chapter  we  referred  to  the 
termination  of  the  nerves  of  common  sensation,  as  iso- 
lated primitive  fibrillae,  and  as  ramifications  and  den- 
drons  of  these  in  the  epithelium  of  the  skin  and  mucous 
membranes,  in  the  anterior  epithelium  of  the  cornea, 
and  in  the  grey  matter  of  the  central  nervous  system. 
Besides  these  there  are  other  special  terminal  organs 
of  sensory  nerves,  probably  concerned  in  the  per- 
ception of  some  special  quality  or  quantity  of  sensory 
impulses.  These  are  all  connected  with  a  medullated 
nerve  fibre^  and  are  situated  not  in  the  epithelium 
of  the  surface  but  in  the  tissue,  at  greater  or  lesser 
depth.  Such  are  the  corpuscles  of  Pacini  and  Herbst, 
the  end-bulbs  of  Krause  in  the  tongue  and  con- 
junctiva, the  genital  end-corpuscles  or  end-bulbs  in 
the  external  genital  organs,  the  corpuscles  of  Meiss- 
ner  or  tactile  corpuscles,  in  the  papillae  of  the  skin 
of  the  volar  side  of  the  fingers,  the  touch-cells  of 
Merkel,  the  end-corpuscles  of  Grandry,  in  the  beak 
and  tongue  of  the  duck. 

150.  The  Pacinian  corpuscles* — These  are 
also  called  Vater's  corpuscles.  They  occur  in  large 
numbers  on  the  subcutaneous  nerve  fibres  of  the  palm 
of  the  hand  and  foot  of  man,  in  the  mesentery  of  the 
cat,  along  the  tibia  of  the  rabbit,  in  the  genital  organs 
of  man  (corpora  cavernosa,  prostate).  Each  corpuscle 
is  oval,  more  or  less  pointed,  and  in  some  places 
(palm  of  the  human  hand,  mesentery  of  the  cat) 
easily   perceptible   to   the   unaided   eye,   the  largest 
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being  about  ^"jjth  of  an  inch  long  and  ^tli  of  an. 
inch  broad ;  in  other  places  they  are  of  microscopic 
size.  B^ch  possesses  a  stalk,  to  vhich  it  is  attacb>-d, 
and  which  consists  of  a  single  medullated  nerve  Jihre 
(Fig.  108),  differing  from  an  ordinary  medullated 
nerve  fibre  merely  in  the 
fact  that  outside  its  neuri- 
lemma there  is  present  a 
thick  laminated  eouDec- 
tive -tissue  sheath.  This 
is  the  s}teatk  of  Henle 
^conlinuous  witli  the 
perineural  sheath  of  the 
nerve  branch  with  which 
the  nerve  fibre  is  in  con- 
nection. This  medullated 
nerve  fibre  within  its 
sheath  possesses  generally 
a  very  wavy  outline.  The 
corpuscle  itself  is  com- 
posed of  a  large  number 
of  lamellfe,  or  capsules, 
more  or  leas  concentric- 
ally arranged  around  a 
central  dongated  or  cylin- 
drical clear  space.  This 
o,  Meuuiiaiefl^nor«e^^ijhru ;  6,cuucQn-  gpagg  contains  in  its  axis, 
from  the  proximal  end — 
i.e.  the  one  nearest  to  the  stalk^ — to  near  the  opposite 
or  distal  end,  a  continuation  of  the  nerve  fibre  in  the 
shape  of  a  simple  axis  cylinder.  But  this  axis  cylinder 
does  not  fill  out  the  central  space,  since  there  is 
all  round  it  a  s[»ace  left  filled  with  a  transparent 
substance,  in  which,  in  some  instances,  rows  of 
spherical  nuclei  may  be  perceived  along  the  margin 
of  the  axis  cylinder.  At  or  near  the  distal  end  of  the 
central    space   the   a.eis   cylinder   dieidea   in  two  or 
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move  braTtcJtea,  and  these  terminate  in  pear-shaped, 
oblong,  spherical,  or  irregularly -shaped  granular- 
looking  enlargements. 

151.  The  concentric  capsules  forming  the  corpuscle 
itself  are  disposed  in  a  different  manner  at  the  pen 
phery  and  near  tl  e  central  space 
from  that  in  which  thej   are  dis 
posed  in  the  middle  paits,  in  the 
former  locahties  being  much  closer 
together  and  thinner  than  in  the 
latter       On  looking  therefore  at 
a  Pacinian  corpuscle  in  it^  longi 
tudinal  axis    oi    in    cross  section 
we    always    notice    the    stria tion 
(indicating    the    capsules)   to    be 
closer  in  the  former  than  in  the 
latter  places      Each  capsule  con 
Bists  of — (a)  a  hyaline     probably 
elastic  jround  sub  tanae  m  which 
are  embedded  here  and  there  (i) 
Jine    b  indlea    of  connectwe  ttss  te 
fibres     (c)  on    the    inner    surface 
of    each    capsule     t  e      the    one 
dirficted  to  the  central  axis  of  the 
Pacinian    corpuscle     is    a    single 
]&yer  of  nucleated  endot/ ehal plates 
The  oblong  nuclei  visible  on  the 
capsules  at  ordinary  inspection  are  ° 
the  nuclei    of    these    en  lothelial 
plates       Ihere  la  no  fluid  betwi 
these   are   in   contact   with   one   another   'Huxley) 
Neighbouri  ig  capsules    are    occasionally   connected 
with  one  another  by  tl  in  hbres 

152    In  order  to  leach  tha  central  spe 
corpuscle  the  i  ed  illited  nerve  hbre  his  to 
the    caps  Ics   at  on*    ].olc      thus    a   caji<il 
m  which  IS  situated  the  medullated  i 


\  the  capsules 


3  of  the 


e  fable  and. 
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as  such,  and  in  a  very  wavy  condition,  it  reaches  the 
proximal  end  of  the  central  space.  This  part  of  the 
nerve  fibre  may  be  called  the  intermediate  part.  The 
lamella  of  the  sheath  of  Hcnle  pass  directly  into  the 
peripheral  eapaiiles  of  the  corpuscle. 

Immediately  before  entering  the  central  space, 
the  nerve  fibre  divests  itself  o£  all  parts  except  the 
axis  cylinder,  which,  as  stated  above,  passes  into 
the  central  s[)ace  of  the  Pacinian  corpiiscle.  In  some 
cases  a  minute  artery  enters  the  corpuscle  at  the 
pole,  opposite  to  the  nerve  fibre;  it  penetrates  the 
peripheral  capsules,  and  supplies  them  with  a  few 
capillary  vessels, 

153.  The  eorpusclies  of  Hcrbsl  are  similar  to 
'  the  Pacinian  corpuscles,  with  this  difference,  that  they 
are  emaller  and  more  elongated,  that  the  axis  cylinder 
of  the  central  space  is  bordered  by 
a  continuous  row  of  nuclei,  and 
that  the  capsules  are  thinner  and 
more  closely  placed  (Fig.  109). 
This  applies  especially  to  those  near 
the  central  space,  and  here  between 
these  central  capsules  we  niiss  the 
nuclei  indicating  the  endothelial 
plates.  Such  is  the  nature  of 
Herbst'a  corpuscles  iu  the  mucous 
membrane  of  the  tongue  of  the 
duck,  and  to  a  certain  degree  also 
in  tliose  of  the  rabbit,  and  in  ten- 
dons. 

154.  The  tactile  corpu«cle«, 

<inu...i..»n.«."u.,    ^|.  corpuscles  of  Ideissner,  oc- 

11009  ui  tiie  nprvB     cur  in  the  ])apil!fe  of  the  corium  of 

the  volar  side  of  the  fingers  and  toes 

in   man  and  in  apes ;  they  are   oblong,  straight,  or 

slightly  folded.     In  man  they  are  about  ^i,-,  to  -jj-j 

ei  an  inch  lon^,  aad  ^ig  to  j^^j  of  an  inch  broad. 


iHjr  rroiu  the  Skin 
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They  are  connected  with  a  medullated  nerve  fibre — 
generally  one,  occasionally,  but  rarely,  two— with  a 
sheath  of  Henle.  The  nerve  fibre  enters  the  corpuscle, 
but  usually  before  doing  so  it  windH  I'ound  the  cor- 
puscle OS  a  medullated  fibre  once  or  twice  or  oftener, 
and  its  Henle's  sheath  becomes  fused  with  the  fibrous 
capsule  or  sheath  of  the  tactile  corpuscle.  ,  The  nerve 
fibre  ultimately  loses  its  medullary  sheath  and  pene 
tratea  into  the  interior  of  the  corpuscle  w  here  the  a'viH 
cylinder  branches 
its  brani-hes  retain 
a  coiled  course  all 
along  the  tactile  cot 
puscle  (Fig  110) 
anastomose  with  one 
anothei  and  tet 
minate  in  slight  en 
largements,  peat 
shaped  or  cylindricaL 
These  enlargements  ' 
according  to  Merkel,  ' 
are  touch  cells  The 
matrix,  01  main  pdit 
of  the  tactile  cot 
puscle  consists  be 
sides     the     hbrou'*  ^m"'    s^"' 

sheath    with     nu  lei  "  "  r|i 

and  numerous  elastic 
fibres,  of  line  bundles  of  counectnc 
number  of  nucleated  small  cells, 

155.  The  eud-biilbs  of  Kph use— These  occur 
in  the  conjunctiva  of  the  calf  and  of  man,  and  are 
oblong  or  cylindrical  minute  corpuscles  situated  in 
the  deeper  layers  of  the  conjunctiva,  near  the  corneal 
mai^in.  A  medullated  nerve  filu'e,  with  Henle's 
sheath,  enters  the  corpuscle  (Fig.  111).  This  possesses 
a  nucleated  capsule,  and  is  a  moi'e  or  less  laminated 
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(in  man  more  granular-looking)  structure,  numerous 
nuclei  being  scattered  between  the  laminae.  Of  the 
nerve  fibre,  as  a  rule,  only  the  axis  cylinder  is  pro- 
longed into  the  interior  of  the  corpuscle.  Occasion- 
ally the  medullated  nerve  fibre  passes,  as  such,  into 
the  corpuscle,  being  at  the  same  time  more  or  less 
convoluted.  Having  passed  to  near  the  distal  ex- 
tremity, it  branches,  and  terminates  with  small 
enlargements  (Krause,  Longworth,  Merkel,  Key  and 
Retzius). 

The  emirhulhs  in  the  genital  organs^  or  the  genital 
coo'puscles  of  Krause,  are  similar  in  structure  to  the 
simple  end-bulbs.  They  occur  in  the  tissue  of  the 
cutis  and  mucous  membrane  of  the  penis,  clitoris,  and 


vagina. 


156.  The  corpuscles  of  Orandry,  'or  touch 
corpuscles  of  Merkel,  in  the  tissue  of  the  papillae  in 
the  beak  and  tongue  of  birds,  are  oval  or  spherical 
corpuscles  of  minute  size,  possessed  of  a  very  delicate 
nucleated  membrane  as  a  capsule,  and  consisting  of  a 
series  (two,  three,  four,  or  more)  of  large,  slightly- 
flattened,  granular-looking,  transparent  cells,  each 
with  a  spherical  nucleus,  and  arranged  in  a  vertical 
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Fig.  112.— Corpuscles  of  Grandry  in  the  Tongue  of  Duck.     {Izpderdo.) 

A,  Composed  of  three  cells:  b,  composed  of  two  cells;  c,  showing  the  develop- 
ment of  a  Granrtry's  corpuscle  from  tlie  epithelium  covering  the  papilla, />; 
€,  epithelium  ;  n,  nerve  fibre. 

row  (Fig.  112).     A  medullated  nerve  fibre  enters  the 
corpuscle   from   one   side,  and   losing  its  medullary 
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sheath,  the  axis  cylinder  liraiiches,  and  its  branchlets 
terminate,  accordiug  to  some  (Merkel,  Henle),  in  the 
cells  of  the.  corpuscle  (touch  cells  of  Merkel) ;  accord- 
ing to  others  (Key  and  Retziup,  Kauvier,  Hesse, 
Izquierdo),  in  the  transparent  substance  between  the 
touch  cells,  thus  forming  the  "  disc  tactil "  of  Ranvier 
or  tbe  "Taatplfttte"  of  Hes.se,  Neither  theory  seems 
to  us  to  answer  to  the  fact^s  of  the  case,  since  we  lind 


Fig.  113.— Bundles  nf  Non>sti'li>ed  lliioi'iilsr  Tissue  aunaundcd  by 
FlexiisEB  of  Fine  Nen-e  Fibres,    (//nrnttoot.) 

that  the  branchlels  of  the  axis  cylinder  temiinate, 
not  in  the  toucli  cells,  nor  as  the  disc  tactil,  but  with 
minute  swellings  in  the  interstitial  substance  between 
the  touch  cells,  in  a  manner  very  similar  to  what  is 
the  case  in  the  conjunctival  end-bulbs.  According  to 
Merkel,  single  or  small  groups  of  touch  cells  occur  in 
the  tissue  of  the  papilla!,  and  also  in  the  epithelium, 
in  the  skin  of  man  and  mammals. 

157.  In  iirtlculatioiis — e.g.  the  knee-joint  of 
the  rabbit  — Nicohvdoni  described  numei'ous  nerve 
branches,  from  which  fine  nerve  fibres  are  given  off. 
Some  of  these  tcrminato  in  a  network,  otliers  on 
blood-vessels,  and  a  thii-d  group  enter  Pacinian  cor- 
puscles.   Ki-ause  described  in  the  synovial  membranes 
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of  the  joints  of  the  human  fingers  mediillated  nerve 
fibres  which  end  in  peculiar  tactile  corpuscles,  called 
by  him  "  articular  nerve  corpuscles.'" 

158.  The  nerve  branches  supplying  non- 
striped  mnscnlar  tissue  are  derived  from  ther 
sympathetic  system.  They  are  composed  of  non- 
medullated  fibres,  and  the  branches  are  invested 
in  an  endothelial 
sheath  (perineu- 


,n). 


The 


branches  divide 
into  single  or 
small  groups  of 
axis  cylinders, 
which  reunite 
into  a  plexus — 
the  ground 
plexua  of  Ar- 
nold. Small 
fibres  coming  off 
from  the  plexus 
supply  the  in- 
dividual bundles 
of  non  -  striped 
muscle  cells,  and 
they  form  a 
_■  sus  called 
;  the  intermediary 
cLii^rJli^^""'"''"'"  °"""'  '■  ■""""  "*  °'"-  plexus  (Fig. 
1 13).  The  fibres 
joining  this  plexus  are  smaller  or  larger  bundles 
of  primitive  fibrill^ ;  in  the  nodes  or  the  points 
of  meeting  of  these  fibres  are  found  angular  nuclei. 
From  the  intermediate  plexus  jiaas  ofl'  isolated  or 
small  groups  of  primitive  fibrillte,  which  pursue 
the   interstitial    substance  between 


m-stiipcd    , 


the    muscle    cells ;     these 


the 


muscular 
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fibrils  (Fig.  114).  According  to  Frankenhauser  and 
Arnold,  they  give  off  tiiier  tibrila,  ending  in  tlie 
nucleus  (or  nucleolus).  According  to  Elischer,  the 
primitive  fibrils  terminate  on  the  surface  of  the 
nucleus  with  a  minute  swelling. 

In  many  localities  there  are  isolated  ganglion  cells 
in  connection  with  the  intermuscular  fibres. 

159  The  nerves  of  blood-vessels  are  derived 
from  the  sympathetic  and  they  terminate  in  aiteries 
and  vems  in  essentially  the  samt  way  ii.  in  nou 
striped  muscular  tissue   bein^  chiefly  present  111  those 


parts  (media)  which  contain  tlio  non-striped  muscular 
tissue.  But  there  are  also  fine  non-iuudulhited  nerve 
fibres,  which  accompany  capillrtry  vessels— capillary 
arteries  and  capillary  veins— and  in  some  places  they 
give  oft'  elementary  fibrils,  which  form  a  plexus 
around  the  vessel  (Fig.  ll-'i).     In  some  localities  the 
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vascular    nerve   brandies   are  provided    with    small 
groups  of  ganglion  cells 

IBO    In  striped  muscle  of  man  and  mammals, 

reptiles  ami  insects,  tlie  teimination  of  nerve  fibres 


takes  place,  according  to  the  commonly  accepted  view 
of  Kiihne,  in  the  following  manner  (Fig.  116): — A 
medullated  nerve  fibre,  enclosed  within  a  lamellated 
sheath  (Henle's  sheath)  divides  at  a  node  of  Eanvier, 
each  branch — a  medullated  ner\e  fibre — enters  under  a 
variable  angle  a  striped  muscular  fibre,  the  neurilemma 
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becoming  fused  with  the 
Barcolemma,  and  tlie  neive 
fibre,  either  at  tlie  pomt 
of  entrance  or  immediately 
afterwards,  loses  its  medul 
lary  sheath,  bo  that  only  the 
axis  cylinder,  with  its  axi 
lemma,  passes  on,  and  then 
forms  on  the  sutface  of  the 
muscular  substance  a  ter 
minal  arbonsation  or  den 
dron,  which  is  called  the 
nerve  endplate  I  ach  axon 
6n  entering,  gives  off  by 
division  several  bi-anches 
like  antlers ;  in  amphibia 
these  branches  are  lodlike 
long,  and  of  the  foin  of 
bayonets ;  in  mammals  they 
are  crooked,  hook-like  In 
all  instances,  however  tie 
divisions  are  unsymmptn 
cal.  In  many  cases  the 
arborisation  of  the  endplite 
is  embedded  in  a  granulai 
mass  of  protoplasm  con 
taining  obiong  nuclei  Tl  is 
nucleated  protoplasm  if 
identical  with  the  substanct 
of  the  sarcoglia,  or  the 
sarcoplasm  mentioned  on  a 
former  page.  When  the 
muscular  tihre  contiicts 
this  endplate  naturally  as 
sumes  the  shape  of  a  p  o- 
minence  —  Doyere's  lertc 
mount.        Each     muscular 
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tibre  has  at  least  one  nerve  endplate,  but  occa 
sionally  Las  suieial  in  near  pioxiinity  Each  end 
plate  IS  generally  supplied  by  une  nerve  hbie,  some- 
times, how  ever,  bj  two  The  contraction  wave 
generally    starts    from    the    endplate       The    jnvscle 

I 


huds  of  Kolliker  or  imi$eh  apvndhi  of  Kuhne 
(mentioned  on  a  foi  met  page)  contain  numerous 
medullated  nerve  fibies  with  lamellated  Henle's 
sheath,  and  these  nei\e  hbres  terminate  in  the 
same  manner,  namely,  by  means  of  nerve  endplates 
(Fig  117)  In  these  endplates  the  fine  nene  hbres 
have  a  spiral  arrangement  {Ruffini)  These  are  con 
sidered  to  be  sensory  end-organs.  According  to  IC6l- 
liker,  from  the  primary  nerve  ending  of  the  mother 
fibre— i.e.  of  the  undivided  portion  of  the  spindle — 
grow  out  the  nerve  endings  for  the  thin  daughter 
fibres. 
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Besides  this  intra-musciiUr  termination,  there 
is  a  plexus  of  fine  nei-\e  fibi-es,  many  of  them 
said  to  terminate  with  free  endsi,  situated  outside 
the  sarcolemma — i.e.  intermnscular ;  Buch  free  ends 
are  described  by  Beale,  Kolliker,  Krause,  and 
otiiei-a,  Kolliker  and  Amdt  consider  thpse  intermus- 
cular    fibres 


'hese  terminations  are  most  n 
the  muscular  insei-tion.  They  are  of  the  follow- 
ing kinds  : — \a)  A  meilullated  nerve  fibre  brunches 
repeatedly,  and  the  axis  cylinder,  after  having  lost 
the  medullary  sheath,  breaks  up  into  a  small  plate 
composed  of  a  dendritic  ramification  of  fine  primi- 
tive nerve  fibrila  (Fig,  118).  Owing  to  the  number  of 
the  fibrUhe  and  their  repeated  crossing,  it  is  difficult  to 
say  whether  the  appearances  as  shown  in  Fig.  119  cor- 
respond to  a  real  network  or  to  a  dendron.  This  end- 
plate  is  occasionally  eml>ed[Ied  in  a  granular-looking 
material,  and  thereby  a  similar  organ  ns  the  nervo  end- 
plate  in  muscular  fibi-ea  i,s  produced  (Fig.  119).  (i)  In 
the  tendons  of  man  and  many  mammals  Golgi  has  shown 
that  nerve  fibres  terminate  in  peculiar  spindle-shaped 
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enlargements  of  tendon  bundles  (Fig.  120).  These 
tendon  sphidles  of  Golgi  consist  each  of  two,  three,  or 
more  tendon  bundles  within  a  common  sheath ;  a 
bundle   of   fine   medullated   nerve  fibres   enters   the 


Fig.  121.— Termination  of  Medullated  Nerve  Fibres  in  Tendon.    (Golgi.) 

a,  End-bulbs  witb  convoluted  jnedullated  nerve  fibre ;  b,  end-bulb  similar  to  a 

HerJ)st'8  corpuscle. 

spindle,  their  axis  cylinders  break  up  into  primitive 
fibrillse,  which  are  arranged  as  a  network  and  as 
spiral  fibrillse.  (c)  A  medullated  nerve  fibre  ter- 
minates in  an  end-bulb  (Fig.  121),  similar  to  those  of 
the  conjunctiva,  or  of  a  Herbst's  corpuscle. 
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CHAPTER    XVI. 

THE    SPINAL    CORD. 

162.  The  spinal  cord  is  enveloped  in  three  distinct 
membranes.  The  outermost  one  is  the  dura  mater. 
This  is  composed  of  more  or  less  distinct  lamellae  of 
fibrous  connective  tissue  with  the  flattened  connective- 
tissue  cells  and  networks  of  elastic  fibres.  The  outer 
and  inner  surface  of  the  dura  mater  is  covered  with  a 
layer  of  endothelial  plates. 

163.  Next  to  the  dura  mater  is  the  extremely 
delicate  arachnoid  membrane.  This  also  consists  of 
bundles  of  fibrous  connective  tissue.  The  outer 
surface  is  smooth  and  covered  with  an  endothelial 
membrane  facing  the  space  existing  between  it  and 
the  inner  surface  of  the  dura  mater ;  this  space  is  the 
subdural  lymi^h  space.  The  inner  surface  of  the 
arachnoidea  is  a  fenestrated  membrane  of  trabeculse 
of  fibrous  connective  tissue,  covered  on  its  free 
surface — i.e.  the  one  facing  the  sub-arachnoidal  lymph 
space — with  an  endothelium. 

164.  The  innermost  membrane  is  the  pia  mater. 
Its  matrix  is  fibrous  connective  tissue,  and  it  is  lined 
on  its  outer  surface  with  an  endothelial  membrane. 
Also  the  inner  surface  facing  the  cord  proper  has  an 
endothelial  lining,  but  this  is  not  as  complete  and 
continuous  as  that  of  its  outer  surface.  Between 
the  arachnoid  and  pia  mater  extends,  from  the  fenes- 
trated portion  of  the  former,  a  spongy  plexus  of 
trabeculae  of  fibrous  tissue,  the  surfaces  of  the 
trabeculse  being  covered  with  endothelium.     By  this 


Spinal  Cord.  171 

spongy  tissue — the  aub-arachnoidal  tissue  (Key  and 
Retziua) — the  aub-arachtioidal  space  is  subdivided  into 
a  labyrintb  of  areolie.  On.  each  side  of  the  cord, 
between   the    anterior    and    posterior    nerve    roots, 


^.  122.--TnnBvanie  section  tliroiigb  tlm  Coivici 
oia,  HliowinK  ncll  tlic  luiteiiar  wlilte  coDimii 
meaull&toil  Qbn:a  poaaing  horCioiktally  throiia 
IsteralB)  fn>in  anil  lo  tlui  whito  cotuiinia.    <l^ 
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extends  it  spongy  fibrous  tissue,  called  ligamentum 
dentiemlatum,  between  the  arachnoidea  and  jiia.  By 
it  the  sub-arachnoid al  space  is  subdivided  into  an 
anterior  and  posterior  division. 

165.  The  subdural  and  sub-nvachnoida!  spaces  do 
not  communicate  with  one  another  (Luschka,  Key 
and  Ketzius). 
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The  dura  mater,  as  well  as  the  arachnoid,  sends 
prolongations  on  to  the  nerve  roots ;  and  the  sub- 
dural and  Bub-arachnoidal  spaces  are  continued  into 
the  lymphatics  of  the  peripheral  nerves. 


(A/icroplioloirnitA  bS  Wti^rl-P' 


il  Cord  In  the  Cer< 


All  thi-ee  membranes  contain  their  own  sy 
blood-vessels  and  nerve  fibres. 

166.  The  cord  itself  (Fig.  122)  consists  of  a 
or  cortical  part  composed  of  meduUated  nei-ve 
the  white  -matter,  and  an  inner  core  of  grey 
On    a    transverse     section    through    the    co 
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coiitrnHt  of  colour  between  the  wliite  iiiniitin  and  the 
grey  core  is  very  conapicuoiia.  The  i-ulation  between 
tlie  wliite  and  grey  matter  differs  in  different  parts  ; 
it  gradually  increases  in  favour  of  the  former  as  we 


(Uicend  from  tli«  Iunil)ar  to  tlie  npiier  uervit-iij  (lortiou 
(Figs.l2;U,  12;in,  ll'.lc).  '\^\•i,  fjrey  matter  jin-scnts 
in  evmy  tninsviTse  section  throuRli  the  coiil  iikhi!  or 
liMW  the  shape, of  ;i,  cjipital  1£  ;  the  proji'ctiiins  Iji'iiii;  the 
antiv'uir  &\\i\  \iimtertuv  Itfycna  fye  coriiua  of  yrey  riititter, 
and    the    cross-stroke    being    the    ijrf.ij    armmigiinre. 
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In  the  centre  of  this  grey  commissure  is  a  cylindrical 
canal  lined  with  a  layer  of  columnar  epithelial  cells  ; 
this  is  the  central  canal ;  the  part  of  the  grey  commis- 
sure in  front  of  this  canal  is  the  anterior^  the  rest  the 
posteriory  grey  commissure.  The  shape  of  the  whole 
figure  of  the  grey  matter  differs  in  the  different 
regions,  and  this  difference  is  brought  about  by  the 
breadth  and  thickness  of  the  grey  commissure  as  also 
of  the  grey  horns  themselves.  In  a  section  through 
the  cervical  region  the  grey  commissure  is  long  and 
thin ;  in  the  dorsal  region  it  becomes  shorter  and 
thicker ;  and  in  the  lumbar  region  it  is  comparatively 
very  short  and  thick.  Besides  this,  of  course,  the 
relative  proportions  of  grey  and  white  matter,  as 
mentioned  before,  indicate  the  region  from  which  the 
particular  part  of  the  cord  has  been  obtained.  In  the 
lower  cervical  and  lumbar  regions  where  the  nerves  of 
the  brachial  and  sacral  plexus  leave  or  join  the  cord 
respectively,  this  latter  possesses  a  swelling,  and  the 
grey  matter  is  there  increased  in  amount,  the  swelling 
being  in  fact  due  to  an  accumulation  of  grey  matter, 
with  which  additional  numbers  of  nerve  fibres  become 
connected  ;  but  the  general  shape  of  the  grey  matter 
is  retained. 

167.  The  cornua  of  the  grey  matter  are  generally 
thickest  in  the  line  of  the  grey  commissure  :  they 
become  thinned  out  into  anterior  and  posterior  edges 
respectively,  which  are  so  placed  that  they  point 
towards  the  antero-lateral  and  posterolateral  fissures. 
The  anterior  horns  are  in  all  parts  thicker  and  project 
less  than  the  posterior,  and  therefore  the  latter  reach 
nearer  to  the  surface,  becoming  attenuated  and  passing 
into  the  posterior  nerve  roots. 

There  is  generally  a  third  projection  of  grey 
matter — the  lateral  horn  (see  Fig.  123  b).  This  is, 
however,  conspicuous  only  in  the  upper  two-thirds 
of  the  thoracic  cord, 
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1C8.  The  white  matter  is  composed  chiefly  of 
niedullated  nerve  fibres  running  a  longitudinal  course, 
and  therefore,  in  a  transverse  section  through  tlie 
cord,  appear  in  cross-section.    They  are  arranged  into 


cohinins,  one  anti'niir,  one  lulnml,  imd  mw  jioiiterior 
column  for  atch  Intern!  half  of  the  conf,  the  two 
IiolvcH  iMting  BojiarattKl  by  tho  niitin-ior  luid  iio»ti-rior 
medUin  lonijitiidiiud  finmirp.  The  anterior  itiediiin 
fissure   in   a   r^al    fisfjure  extending   in  u   liori/onta] 
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direction  from  the  surface  of  the  cord  to  riear  the 
anterior  grey  commissure.  It  contains  a  prolongation 
of  the  pia  mater  and  in  it  large  vascular  trunks.  The 
posterior  fissure  is  not  in  reality  a  space,  but  is  filled 
up  by  neuroglia.  It  extends  as  a  continuous  mass  of 
neuroglia  in  a  horizontal  direction  from  the  posterior 
surface  of  the  cord  to  the  posterior  grey  commissure. 
The  exit  of  the  anterior  or  motor  nerve  roots  and 
the  entrance  of  the  posterior  or  sensitive  nerve  roots 
are  indicated  by  the  anterior  lateral  and  posterior 
lateral  fissures  respectively.  These  are  not  real  fissures 
in  the  same  sense  as  the  anterior  median  fissure,  but 
correspond  more  to  the  posterior  median  fissure, 
being  in  reality  filled  up  with  neuroglia  tissue,  into 
which  extends  a  continuation  from  the  pia  mater 
with  large  vascular  trunks.  The  white  matter 
between  the  anterior  median  and  anterior  lateral 
fissure  is  the  anterior  column,  that  between  the 
anterior  lateral  and  posterior  lateral  fissure  is  the 
lateral  column,  and  that  between  the  posterior 
lateral  and  posterior  median  fissure  is  the  posterior 
column. 

169.  Besides  the  septa  situated  in  the  two  lateral 
fissures  respectively,  there  are  other  smaller  septa, 
neuroglia  and  prolongations  of  the  pia  mater,  which 
pass  in  a  horizontal  and  radiating  direction  into  the 
white  matter  of  the  columns,  and  these  are  thus  sub- 
divided into  a  number  of  smaller  portions ;  one  such 
big  septum  is  sometimes  found  corresponding  to  the 
middle  of  the  circumference  of  one  half  of  the  cord. 
This  is  the  median  lateral  fissure,  and  the  lateral 
column  is  subdivided  by  it  into  an  anterior  and 
posterior  division. 

Similarly,  the  anterior  and  posterior  columns  may 
be  subdivided  into  a  median  and  lateral  division 
(Figs.  123  a  and  125). 

170.  Some   of    these    various    subdivisions    bear 
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definite     names     (Tiirk,     Charcot,     Goll,     Fleclisig, 
Growers)  :— 

(a)  The  median  division  of  the  anterior  column  is 
called  tlie  direct  ov  uncrossed  pyramidal  tract,  being 


FlaclaiffaiidKaliler,/rmitK<sail!tr,Il.i 
niiiUIal  RICE  of  BDlerlnr  irliltc  ciilanin ;  t  n,  vinilnl  inninil  tniiK 
rwbltflrolunm;  A]..fiiitFrfrJaE«nLfnctoflaii>rftL<A]iiii]iufKiwnv'H 
,  Rinalmlcr  ia£  muten^HLcn]  (Arc  nf  Imrml  mhunn ;  k  f^  dinrb 


a  continuation  of  that  part  of  the  itnterioi'  pyrauiidal 
tract  of  the  mixlulia  oblongata  {see  below)  dint  (loos 
not  decussiite  in  the  medulla. 

(i)  The  lateral  division  of  the  anterior  coUimn  is 
the  ventral  or  anlnrtw  ground  tract. 

(c)  The  -lirrrl  ce-reUllar  fiinciodus  or  tract  is  the 
superticia!  jmrtion  of  the  postei-o-lateral  column  ;  it  iu 
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a  direct  continuation  of  the    white    nifttter  of  the 
cerebellum. 

{d')  The  [Ktiiterior  cliviiiion  of  the  lateral  column 
inside  the  cerebellar  fasciculus  is  called  the  croMtd 


thn  guiifllloa  ci'lla   In 

C..r.l,OM«1iB 
Ibc  olhcr  bu 

DM  PI'RI^I 

..r  »1.l.' 

t(rlKl.t) 

iilarain 

}'!/r'iiiiiilid  /iiwieii/nii  or  tnwt,  l*iii{!  ft  continuation 
of  the  dt^-usKutiil  part  of  tlir  »nterior  pyrainidid  tract 
of  till-  meilulk  ol.limf,^!!!!. 

(>;)  Tli«  kUfi-al  cUvisi.m  of  tlie  postt-rior  column, 
with  the  ext-eption  nf  iv  «iniill  pcriphend  Xduc.  in  the 
ciinni/briit  or  CHttenln  I'linricnluii,  or  the  tntrl  of 
Jh„:iach. 
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This  part  is  connected  directly  with  the  median 
bundle  of  the  posterior  nerve  roots,  or  rather  by  the 
numerous  collaterals  passing  off  from  the  posterior 
root  fibres. 

i^f)  The  median  division  of  the  posterior  column 
ia  called  ihe/asciculua  or  tract  o/Goll. 

(gr)  The  tract  or  fascioulua  of  Lusauer  (Fig.  125) 
ia  a  amali  mass  of 
white  fibres  situated 
between  the  outer  su 
perficial  port  on  of  the 
tract  of  B  irdach  an  1        _ 

of  the  direct  cerebellar  ''• 

tract,  and  ;,lose  to  tl  e  O 

posterior     lateral    fis     »)  "  ^ 

sure.  ^ 

In      add  to         to  —  — j^ 

of    the    tract    of   Bur-    ^   %„tM  neriptieral    oLloctlun  of    neu 

da«h,    near   the    grey    '  f°t"p^"ny",'„*'l)fJ',';Sn"B)"n'i|.'J°,'"c,jon^ 

commiasure,  represents       ""i  ueurugiin  b.^iweeii  iiism. 

a  separate  group,  called 

the  eomma-shaped  tract :  and  the  superficial  mass   of 

white  matter  iu  the  anterior  half  of  the  lateral  column, 

which  is  called  the  antero  lateral  asce^iding  tract  of 

Gotcers  (see  Fig.  124). 

These  various  divisions  can  be  traced  from  the 
meduUata  ol>longata  into  the  cervical,  and  more  or  lesa 
into  the  doraal  part  of  the  cord ;  but  farther  down 
many  of  them,  like  the  direct  cerebellar  tract  and  the 
tract  of  Goll,  are  lost  as  separate  tracts,  except  tlie 
crossed  pyramidal  fasciculus. 

Expeiiments  have  been  made  which  demonstrate 
that  these  different  tracts  are  physiologically  of  very 
different  character.  According  to  a  well-established 
law  - -the   Wallerian    law — each   nerve   fibre  has   ita 
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nutritive  centre  in  the  ganglion  cell  with  which  it  is 
connected,  and  if  a  nerve  fibre  is  cut,  that  part  which 
remains  connected  with  the  nutritive  centre  does  not 
degenerate,  while  that  part  severed  from  the  centre 
degenerates.     Consequently,  if  by  cutting  the  cord  at 


a  particular  level  some  fibres  remain  intact  above  the 
section  but  degenerate  below,  they  show  descending 
degeneratioii, ;  they  have  theii'  nutritive  centre  above 
the  section  and  are  probably  efiei-ent  fibres.  On  the 
other  hand,  those  fibres  which  degenerate  above,  but 
remain  intact  below  the  section,  show  ascending 
degeneration ;  they  have  their  nutritive  centre  below 
the  section  and  are  probably  afferent  fibres. 

By    means    of  Weigert's    method    it   has    been 


Si-/^ 


possible  to  ehow  (Weigert)  not  only  tbat  the  nerve 
fibres  constituting  the  white  columns  are  grouped  in 
different  tracts  but  that  in  the  embryo  they  obtain 
their  medullary  aheath  at  different  but  definite  periods. 


Fig.    as— 1/>       ud    Hi 


a}  t  1  a  I  ee  n  1  [  oUiblu  that 
the  tracts  n  k  1  u  tl  e  hgur  n  tl  e  !il  ove-nanied 
divis  ons  ot  tl  o  a  tenor  a    1  1  ti,  al  col  contain 

partly  ff  ut  par  ly  ffer  t  fal  ea,  wl  le  almost 
the  who!  of  ti  B  fjl  eg  of  tl  e  1  o  te  o  coluuuis  ace 
affere  t  e  pi       t  o    of  h^u 
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171.  Strncture  of  the  cord. — The  most  im- 
portant and  fundamental  facts  which  have  been 
brought  to  light  within  recent  years  concerning  the 
intimate  structure  of  the  white  and  grey  matter  and 
of  the  mutual  relations  of  the  different  parts  and  the 
different  elements  of  the  cord,  the  brain,  the  medulla, 
and  the  sympathetic  system,  are  due  to  various  new 
methods  of  histological  examination,  as  also  to  the 
experimental  methods  of  section  of  the  cord  and  nerve 
roots  in  the  living,  and  observing  the  after-effects  as 
exhibited  by  degeneration  of  nerve  tracts.  As  regards 
the  histological  methods,  Weigert  and  Pal's  method  of 
staining  medullated  nerve  fibres  of  the  cord,  Marchi's 
method  of  distinguishing  between  degenerated  and 
healthy  medullated  fibres,  and,  above  all,  Golgi's 
silver  method,  by  which  nerve  fibres  and  ganglion 
cells  can  be  easilv  traced  in  their  finest  ramifications, 
have  been  the  means  of  opening  up  an  almost  new 
field  of  accurate  inquiry  concerning  all  parts  of  the 
central  nervous  system  as  well  as  of  the  special  senses. 
Golgi's  silver  method  has  enabled  himself,  and,  to  a 
very  conspicuous  degree,  Rdm6n  y  Cajal  and  KoUiker, 
to  bring  to  light  facts  concerning  the  intimate  struc- 
ture of  the  central  nervous  system,  the  ganglia,  and 
the  sense  organs,  which  stand  out  in  respect  of 
clearness  and  trustworthiness.  Other  histologists, 
Lenhossek,  Eetzius,  and  others,  have  by  this  method 
also  been  enabled  to  contribute  important  facts. 

172.  The  groMiid  substance  (Fig.  126)  of  both 
the  white  and  grey  matter — i.e.  the  stroma  in 
which  nerve  fibres,  nerve  cells,  and  blood-vessels  are 
embedded — is  a  peculiar  kind  of  connective  tissue, 
which  is  called  by  Virchow  neMroglia  and  by 
Kolliker  supporting  tissue.  It  consists  of  three 
diffeient  kinds  of  elements  :  (a)  a  homogeneous  trans- 
parent semi-fluid  matrix,  which  in  hardened  sections 
appears  more  or  less  granular ;  (b)  a  network  of  very 
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delicate  fibrils — ne.iiroi/Ha  Jtbrih—vhich  are  similar 
in  some  respects,  but  not  quite  identical  wltlt  elastic 
fibres.      In    the    coluimis    of  tlie  wliite    matter  tlie 


fibrils  extend  »;hiofly  in  a  lonf,'itudiiial  dirwition,  in 
tlie  grey  itiiittiir  ^they  extend  uniformly  in  alt 
directions,  and   in  the   septa   Lutvieun   tlie   columns 
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they  extend  for  the  most  part  radially  (  )  Richly 
branched  nucleated  ctlla  intimately  woien  into  the 
network  of  neuroglia  fibnh  These  cells  are  the 
neuroglia  cells  or  glia  celh  Golgi  was  the  first  to 
show  that  though  richly  braiiLhed  they  do  not  anasto- 
raoae  with  one  SJiothei      The  greater  the  amount  of 


neuroglia  in  a  particular  part  of  the  white  or  grey 
matter,  the  more  numerous  are  these  three  elemente 
(Figs.  127  and  128). 

In  both  the  white  and  grey  matter  the  neuroglia 
has  a  very  unequal  distriliution  ;  but  there  ai-e  certain 
definite  places  in  which  there  is  always  a  considei-alile 
amount — a  collection,  as  it  were,  of  neuroglia  tissue. 
These  places  are :  («)  underneath  the  pia  mater- — 
ie.  on  the  outer  surface  of  the  white  iiiattoi' ;  here 
mojt  of  the  neuroglia  fibrils  liave  a  horizontal 
direction  ;  near  the  grey  matter  there  is  a  greater 
amount  of  neuroglia  between  the  nerve  fibres  of  the 
white  matter  than  in  the  middle  parts  of  this  latter; 
in  the  septa  between  the  columns  and  between  the 
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i  of  columns  of  white  matter ;  at  the  esit  of 
the  anterior  and  the  entrance  of  the  posterior  nerve 

{b)  A  considei'able   accumulation  of  neuroglia  is 
present  immediatelT  around  the  epithelium  lining  the 


(jwaiter,  i/.; 


central  canal  ;  this  mass  is  cylindrical,  and  ia  calletl 
the  central  tjrey  nucleiig  of  Kiilliker  (Fig.  129).  Tlie 
epithelial  cells  lining  the  central  canal  are  conical, 
their  bases  facing  the  canal,  their  pointed  extremity 
being  drawn  out  into  a  fine  filftnient  intimately  inter- 
woven with  the  network  of  neuroglia  fibrils.  In  the 
embryo  and  young  state  (Figs.  130a  and  ISOn),  the 
free  base  of  the  epithelial  cells  has  a  bundle  uf  cilia,  but 
in  the  adult  they  are  lost  amongst  the  epithelial  cells 
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lining  the  central  canal ;  some  show  in  preparations 
atained  after  Golgi'a  metliod  processes  of  extreme 
length  (Pig.  131). 

(c)  Another  considerable  accumulation  of  neuroglia 
exists  near  the  dorsal  end  of  the  posterior  grey  horns, 
as  the  substantia  gelatinosa  of  Bolando. 

173.  The  while  mailer  (Fig.  1-32)  ia  composed, 
besides  neuroglia,  of  medullated  nerve  fibres  varying 
very  much  in  diameter,  and  fornung  the  esaentiHl  and 

chief  part  of  it  They 
possess  an  axis  cy 
linder  and  a  thick 
medullary        sheath 

.  ^^  ated,  but  are  devoid 

^  of  a  neunlemma  and 

•  _^^*  'J  its    corpuscles       Of 

■/  ,      .  -  course,    no  nodes  of 

^^^  Ranvier  are  observ 

*     ',  able      In    specimens 

of  white   matter   of 

Vie     182.— From    fl    trarsvene      apotinn    lu         nn'itpriiir        rn- 

thraugb  tlie  Whita  Matter  of  the  Lord.       ''"^       posterior        CO- 

SLiowlnstUIninirvereel)  culi.iedi.llatednerve    luninS,        W  here       the 

iw"fe»"'cii?dnTurnsii?MMr 'iii"r''''  n«r^e  fibres  have 
been  isolated  by  teas- 
ing after  hardening,  many  fine  medullated  fibres  are 
met  with  which  show  the  varicoseappearance  mentioned 
in  a  former  chapter.  The  medullated  nerve  fibres, 
or  rather  the  matrix  of  their  medullary  sheath,  con- 
tains neurokeratin.  The  nerve  fibres  of  the  white 
matter  run  chiefly  in  a  longitudinal  direction,  and 
they  are  separated  from  one  another  by  the  neuroglia. 
Here  and  there  in  the  columns  of  white  matter  are 
seen  connective-tissue  septa  with  vessels,  by  which 
the  nerve  fibres  are  grouped  more  or  less  distinctly 

174.  Although    most    of    the    nerve  fibres  con- 
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stituting  the  columns  of  white  matter  arc  of  a 
longitudinal  direction — i.e,  passing  upwards  or  down- 
wards between  the  grey  matter  of  the  cord  on  the  one 
hand  and  the  brain  and  medulla  oblongata  on  the 
other — there  are  nevertheless  a  good  many  modul- 
lated  nerve  fibres  and  groups  of  nerve  fibres  which 
have  an  oblique  or  even  horizontiil  course. 

Thus  :  (1)  The  anterior  median  fissure  do(»s  not  reach 
the  anterior  grey  commissure,  for  between  its  bottom 
and  the  latter  there  is  the  white  comniisstire  {sff.  Kig. 
129).     This  consists  of  bundles  of  modullated  nerve- 
fibres    passing   in   a   horizontal    or  sliglitly   obliciui^ 
manner  chiefly  between  the  grey  matter  of  the  anterior 
horn  of  one  side  and  the  anterior  white  cohimn,  in- 
cluding the  direct  pyramidal  tract,  of  the  opposite^  side. 
This  anterior  white  commissure  is  in  respect  of 
position  a   continuation   of   the    decussation    of  the 
pyramidal  tract    in  the   lower   part  of  the   medulla 
oblongata.     As  mentioned  above,   this  latter  j)aHH(is 
down  the  cord  as  the  crossed  pyramidal  tract  in  the 
inner  part  of  the  postero-lateral  column.     Fi'oin  this 
it  follows  that  the  fibres  of  the  pyramidal  tract  of  th(j 
medulla  ultimately  all  cross  over  to  the  opposite  side 
of  the  cord.     The  majority  do  this  in  tin;  pyramidal 
decussation  of  the  medulla,  the  minority  dcjscend  in 
the  cord  as  the  direct  pyramidal  tract,  but  its  {\})Ivm 
gradually  along  the  cord  cross  over  by  the  anterior 
white  commissure. 

(2)  The  medullated  nerve  fibres  constituting  the 
anterior  roots  of  the  spinal  nerv(;s  leavt;  the  <;ord  at 
and  about  the  antero-lateral  fissui'e ;  tin;  fibnjs  pass 
mostly  in  a  somewhat  oblique,  some  also  in  a  hori- 
zontal direction  through  the  white  matter  of  th(!  (;or(l, 
and  each  of  them  originates,  some  soonei-,  sonic;  latctr, 
as  the  axon  or  axis  cylinder  process  of  a  ganglion 
cell  of  the  anterior  grey  horn.  This  is  the  fate  of 
most  of  the  anterior  root  fibres — that  is  to  say,  they  are 
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primarily  the  axons  of  ganglion  cells  of  the  anterior 
grey  horn  of  the  same  side ;  this  axon  becomes 
invested  with  a  medullary  sheath,  and  as  an  efferent 
medullated  nerve  fibre  passes  out  through  the  anterior 
nerve  roots.  It  is,  however,  probable  that  some  of 
these  fibres  are  axis-cylinder  processes  or  axons  of 
ganglion  cells  of  the  anterior  horn  of  the  opposite 
side,  and  as  such  pass  through  the  anterior  commis- 
sure, while  a  small  number  of  anterior  root  fibres  can 
be  traced  into  the  posterior  grey  horn,  where  they  are 
evolved  as  the  axis  cylinder  or  axon  of  a  ganglion 
cell  of  this  part  of  the  grey  matter. 

As  will  be  mentioned  presently,  the  grey  matter 
of  the  cord  contains,  in  the  dorsal  or  thoracic  portion 
(between  the  seventh  cervical  and  second  or  third 
lumbar  nerve),  a  special  column  of  ganglion  cells — 
Clarke's  column ;  the  axon  of  some  of  these  cells 
appears  to  pass  through  the  anterior  grey  horn  to 
join  the  anterior  root  fibres. 

But  according  to  Flechsig,  with  whom  Kolliker 
agrees,  the  axons  of  most  of  the  ganglion  cells  of 
Clarke's  column  pass  in  a  horizontal  direction  from 
the  grey  matter  into  the  lateral  white  column,  where 
they  pursue  their  course  as  longitudinal  fibres  towards 
the  cerebellum,  thus  forming  the  fibres  of  the  direct 
cerebellar  tract. 

(3)  The  posterior  roots.  The  medullated  nerve 
fibres  constituting  the  posterior  roots  are  branches  of 
the  axis-cylinder  process  of  the  ganglionic  cells  of  the 
spinal  ganglion  ;  they  enter  the  cord  as  small  bundles 
by  the  postero-lateral  fissure,  between  the  lateral  and 
posterior  columns  of  white  matter,  in  a  slightly 
slanting  direction,  and  at  the  same  time  turned  more 
towards  the  posterior  column  of  white  matter.  Now 
the  fibres  of  the  posterior  roots  may  be  roughly 
grouped  into  a  lateral  and  median  hvnale,  the  former 
containing  predominantly  fine  medullated  fibres,  the 
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latter  predominantly  larger  medullated  fibres ;  the 
former  as  well  as  the  latter,  after  their  entry  into  the 
cord,  sooner  or  later  divide,  each  into  an  ascendiny 
and  a  descending  medullated  fibre.  The  ascending 
and  descending  fibres  resulting  from  the  division  of 
the  fibres  of  the  lateral  bundle  form  part  of  and 
pursue  their  longitudinal  course  in  that  portion  of  the 
posterior  white  column  which  lies  next  to  the  posterior 
grey  horn  and  the  lateral  white  column,  and  which 
is  known  as  Lissauer's  tract  or  Lissauer's  bundle  {see 
Fig.  122).  The  ascending  and  descending  medullated 
fibres  resulting  from  the  division  of  the  fibres  of  the 
median  bundle  also  following  a  longitudinal  course 
are  distributed  principally  over,  and  form  part  of,  the 
white  matter  of  the  posterior  columns  (Burdach's  and 
GoU's  tract).  Some  of  these  fibres  are  said,  however, 
to  enter  directly  into  the  grey  matter  of  the  posterior 
horn  and  to  terminate  there. 

(4)  All  medullated  fibres  constituting  the  different 
columns  of  white  matter  and  descending  or  ascending 
respectively  in  the  cord  send  out  at  numerous  levels 
horizontal  fibres  which  enter  or  pass  out  from  the 
grey  matter.  The  discovery  of  these  fibres  by  Golgi 
and  Ramon  y  Cajal  by  means  of  the  silver  method 
constitutes  a  fundamental  advance  in  our  knowledge 
of  the  minute  anatomy  and  physiology  of  the  cord. 
These  hoiizontal  fibres  which  branch  off  from,  or  join 
respectively,  the  fibres  constituting  the  different  tracts 
of  the  white  matter  are  called  collaterals  {see  Figs. 
122  and  123  c).  The  collaterals  give  off  branches 
themselves.  By  means  of  the  collaterals  and  their 
branches  numerous  connections  are  formed  between 
the  longitudinal  fibres  of  the  white  columns  on  the 
one  hand  and  the  grey  matter  on  the  other.  The 
collaterals  terminate,  or  originate  respectively,  ttear 
and  arou7id  ')ierve  cells  in  all  j)arts  of  the  grey  matter 
hy  means  of  arborisations  or  dendrons  (Fig.  133). 
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175.  As  mentioned  just  now,  collaterals  are  not 
limited  to  any  one  tract  of  the  white  columns,  and  are 
not  limited  to  any  particular  level,  but  are  given  off 

spectively  the 
longitudinal  fibres 
constituting  the 
white  columns  in 
general  and  at 
every  level 
til  rough        which 


presentation        of 
these  fivcts. 

Following, 
then,  the  longi- 
tudinal meduj- 
lated  fibres  con- 
stituting those 
tracts  of  white 
matter,  which 
were  described 
above  as  descend- 
ing fibi'es  {show- 
ing <l&5eending  de- 
generation) —  e.g. 
the  direct  pyra- 
Fig.  i33._CoiL^w«i,  p«Hi„g  fr«ui  (Lbtcs  of    '"i^al    tract,    the 

poatorior  ooluiiiii  Into  the  grey  matU'r.  ami     crossed  pyrainiditl 
gfauewly-borndiild.    {Alttt  SJAUUr,  UA     tract,      the     inner 

portion  of  the  an- 
terior part  of  the  lateral  column — -it  is  seen  that 
at  many  points  each  sends  out  JioriKoiitivl  colla- 
terals wliich   enter  the  grey   matter  and    ternunato 
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there  as  arborisations  or  dendrons  close  to,  or  around, 
ganglion  cells  ;  and  similarly  the  longitudinal  medul- 
lated  fibres  constituting  those  tracts  of  white  matter 
spoken  of  above  as  ascending  tracts — e,g,  the  tract  of 
GoU,  of  Burdach,  of  Lissauer,  the  direct  cerebellar 
tract  and  the  superficial  parts  of  the  anterior  portion 
of  the  lateral  column  (Gowers's  tract) — are  connected, 
brought  into  relation,  by  means  of  collaterals  and 
their  dendrons,  with  the  grey  matter  and  with  the 
ganglion  cells  situated  in  the  latter.  The  bundles  of 
fine  nerve  fibres,  so  conspicuous  in  every  horizontal 
section,  passing  in  a  horizontal  manner  from  the 
posterior  columns  through  and  around  the  substantia 
gelatinosa  of  Rolando  of  the  posterior  grey  horn,  are 
bundles  of  collaterals  given  off  by  the  longitudinal 
fibres  of  the  posterior  columns. 

176.  The  grey  matter  of  the  cord  contains  the 
same  kind  of  neuroglia  as  the  white  matter — viz.  neu- 
roglia fibres  and  neuroglia  cells ;  the  fibres  do  not, 
however,  form  longitudinal  networks  as  in  the  white 
matter — due  to  the  peculiar  (longitudinal)  arrange- 
ment of  the  nerve  fibres — but  are  distributed  more  or 
less  as  a  uniform  network ;  every  section,  therefore, 
be  it  longitudinal  or  transverse,  shows  the  glia  fibrils 
cut  transversely,  obliquely  and  longitudinally.  The 
glia  cells  are  the  same  in  size  and  in  their  numerous 
branched  processes  as  in  the  white  matter. 

In  this  matrix  of  neuroglia  are  embedded  nerve 
cells  or  ganglion  cells  and  nerve  fibres  and  their 
ramifications.  The  ganglion  cells  are  all  possessed  of 
several  processes,  and  are  therefore  multipolar  ;  they 
differ  in  respect  (a)  of  position,  {b)  of  size,  (c)  of 
the  structure,  distribution  and  connections  of  their 
processes. 

177.  {a)  ill  rcsp€»ct  of  position,  the  nerve  cells 
form  groups  and  aggregations  which,  in  the  longitu- 
dinal  axis  of   the   grey   matter,  are    more    or    less 
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discontinuous,  so  that  to  each  particular  spinal  nerve 
or  segment  corresponds  a  more  or  less  separate  mass. 
The  following  groups  can  be  distinguished  on  each 
side  (Fig.  125)  :— 

(1)  The  ventro-lateral  group,  situated  in  that  part 
of  the  anterior  comu  which  is  in  contact  with  the 
ventral  portion  of  the  lateral  column ; 

(2)  The  dorso-lateral  group,  also  situated  laterally 
in  the  anterior  comu  immediately  behind  or  dorsal ly 
to  the  first-named  group  ; 

(3)  The  ventro-median  group,  situated  in  the 
foremost  portion  of  the  anterior  cornu  where  this  is 
in  contact  with  the  anterior  column  ; 

(4)  The  dorso-median  group,  immediately  behind 
the  former — i.e.  next  the  anterior  white  commissure. 

(5)  As  mentioned  above,  that  portion  of  the  grey 
matter  which  projects  laterally  between  the  anterior 
and  posterior  cornu  of  each  side  and  about  midway 
(Figs.  122  and  125) — i.e.  the  lateral  cornu — contains 
in  the  upper  two-thirds  of  the  thoracic  cord  groups  of 
ganglion  cells  which  represent  the  cells  of  the  lateral 
horn,  but  they  are  present  only  as  scattered  ganglion 
cells  in  the  corresponding  portion  of  the  grey  matter 
above  and  below  the  proper  lateral  horn  (Waldeyer). 

(6)  Throughout  the  thoracic  cord  there  is  present 
a  conspicuous  group  of  ganglion  cells,  which  group  is 
in  cross-section  of  a  rounded  or  oval  shape  ;  this  is  the 
posterior  vesicular  column  of  Clarke  or  Stilliiv/s  group, 
and  is  situated  at  about  the  same  level  as  the  group 
of  cells  in  the  lateral  horn  ;  but  while  this  latter  is 
lateral,  the  column  of  Clarke  is  situated  medially, 
and  it  has  to  be  added  that  it  really  belongs  more 
to  the  base  of  the  posterior  cornu.  These  two  groups 
5  and  6  belong  therefore  to  the  middle  region  of  the 
grey  matter. 

(7)  The  posterior  cornu  contains  in  all  parts 
only  scattered  cells  not  definitely  grouped,  like  those 
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mentioned  in  the  anterior  cornu  and  the  middle 
region  of  the  grey  matter.  Also  in  the  substantia 
gelatinosa  of  Rolando  occur  solitary  ganglion  cells. 
Amongst  the  cells  of  the  posterior  cornu  the  so- 
called  marginal  cells  of  Waldeyer  and  Lissauer 
deserve  special  mention;  they  are  situated  at  the 
margin  of  the  posterior  horn,  or  rather  of  the  sub- 
stantia gelatinosa,  where  this  is  in  contact  with  the 
dorsal  and  lateral  columns  of  white  matter.  The 
marginal  cells  are  long  and  spindle-shaped  and 
different  from  most  other  cells  of  the  posterior  cornu 
in  their  being  possessed  of  a  distinct  axon  or  axis- 
cylinder  process. 

178.  \h)  In  respect  of  size  the  ganglion  cells 
show  considerable  differences;  the  biggest  cells  are 
those  of  the  anterior  cornu  mentioned  as  groups  1, 
2,  and  3 ;  the  cells  of  these  groups  measure  about 
70 — 130/i  in  diameter  ;  while  those  of  group  4,  dorso- 
median  group  of  the  anterior  horn,  are  considerably 
smaller,  30 — 80  /x ;  between  these  two  sizes  are  the 
cells  of  the  lateral  horn  and  of  Clarke's  column, 
while  those  of  the  posterior  cornu,  with  few 
exceptions,  are  comparatively  small  cells. 

179.  (c)  In  respect  of  structure  each  gan- 
glion cell  possesses  a  vesicular  nucleus  with  a  promi- 
nent nucleolus,  and  the  substance  of  the  cell  is  in  all 
cases,  when  examined  in  the  fresh  state  or  in  suitably 
prepared  specimens,  of  the  nature  of  a  more  or  less 
fibrillated  substance,  between  which  a  finely  granular 
matrix  can  be  recognised  (M.  Schultze).  The  fibrillse 
are  grouped  in  bundles,  and  appear  continuous  and 
radiating  from  around  the  nucleus  towards  and  into 
the  fibrillated  processes ;  around  the  nucleus  the 
fibrillse  appear  more  or  less  concentrically  arranged. 
In  the  anterior  cornu  the  ganglion  cells  contain 
normally  pigment  granules  grouped  near  and  around 
the  nucleus  (Klonne  and  Miiller)  {see  Fig.  134). 
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Between  the  fibrillse  constituting  the  substHnce 
of  the  ganglion  cells  are  found  masses  of  granules 
(distinct  from  the  juat-mentioneii  pigment)  which 
take  the  stains  well ;  these  are  the  chromatic  granvleg 
of  Nieal.     In  some  ganglion  cells  they  are  distinct 
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are  noticed  on  the  ganglion  cells  with  regard  to  the 
nature  and  connections  of  their  processes. 

As  mentioned  on   a  previous  page,  all   ganglion 
cells  of  the  cord  are  multipolar  ;  amongst  the  ] 


into  which  the  substance  of  the  cells  is  continued 
there  is  one,  occasionally  two,  which  become  sooner 
or  liitcr  the  axis  cylinder  of  a  medullated  nerve 
fibre  ;  this  is  the  axon  or  neuraxon  of  the  Kang,lion. 
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cell  (Fig.   135).     Such  ( 
from  oaoh  of  di6  ganglio 


and  of  Clorke'ii  column,  and  of  some  cells   in    the 
posterior  cot'nu.      The  axon  of  most  of  the  anterior 
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cells  is  continued  as  the  axis-cylinder  process  of  a 
medullated  nerve  fibre  passing  out  as  an  anterior 
root  fibre.  The  axon  of  other  cells  in  the  anterior 
cornu,  as  also  to  a  lesser  extent  of  the  posterior 
comu  (including  those  of  the  substantia  gelatinosa), 
does  not,  however,  pass  into  anterior  root  fibres,  but 
becomes  the  axon  of  longitudinal  medullated  nerve 
fibres  forming  part  of  the  lateral,  and  to  a  lesser 
extent  the  anterior,  columns  of  white  matter. 

These  important  facts  were  discovered  by  Golgi 
and  Ra.m6n  y  Cajal,  and  were  confirmed  by  KClliker. 
According  to  Golgi  and  E^m6n  y  Cajal,  axis-cylinder 
processes  or  axons  of  ganglion  cells  from  all  parts  of 
the  grey  matter  may  pass  into  the  anterior  commissure. 

Cells  of  this  character — i.e.  possessing  axons 
which  pass  as  longitudinal  medullated  fibres  into  the 
white  columns — are  KoUiker's  "  Tract  cells.'' 

181.  Another  very  striking  fact  discovered  by  Golgi 
and  by  Ramon  y  Caial  is  this  :  that  the  axon  of  the 
ganglion  cells  ramifies.  In  some,  like  those  cells  of 
the  anterior  cornu,  whose  axon  passes  into  an  anterior 
root  fibre,  the  axon  for  some  distance  gives  off*  few 
or  no  branches  (Golgi's  group  A).  In  other  cells,  like 
those  of  the  posterior  cornu,  the  axon  is  much 
branched  and  its  fibres  are  lost  in  the  grey  matter 
(Group  b).  The  former  are  considered  by  Golgi  as 
motor,  the  latter  as  sensory  cells. 

Besides  the  axon,  all  ganglion  cells  in  all  parts  of 
the  grey  matter  possess  more  or  less  numerous  pro- 
cesses which,  owing  to  their  rich  and  dendritic 
branching  and  their  distinctly  fibrillated  nature,  are 
the  protoplasmic  or  branched  processes,  or  the  den- 
drites (Fig.  136).  In  the  cells  of  the  anterior  cornu,  in 
those  of  Clarke's  column  and  of  the  lateral  horn,  the 
dendrites  are  numerous  and  distinctly  arborescent ; 
they  are  less  numerous  in  the  cells  of  the  posterior  cornu ; 
thicker  branches  give   off"  laterally  smaller  brarvclv^'^^ 
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which  by  continued  ramification  become  greatly  attenu- 
ated and  ultimately  resolve  themselves  into  arbores- 
cent terminations  or  dendrona  (Fig.  136). 

While  the  dendrites  and  their  terminal  dendrons 
of  most  of  the  ganglion  cells  are  distributed  in  the 
grey  matter,  Golgi  has  proved  that  of  some  cells 
some  of  the  dendrites  pass  into  and  are  distributed 
■    ■•  J  fibres    of  the  white   columns,  a 


fact  which  Kolliker  has  emphasised,  and  wlncli  par 
ticulariy  holds  good  for  the  cells  of  tlie  lateral  horn 
in  the  cervical  cord  of  the  ox      (iig  137  ) 

1S2.  Besides  the  ganglion  cells  then  axons,  den 
drites  and  dendrons,  the  ^rey  matter  uontami  nerve 
fibres  of  a  diSerent  niigin  and  uinnection  Ai 
mentioned  ou  a  former  pa^e  i-ollateiala  of  longitu- 
dinal fibres  of  all  white  tracts  enter  or  pas'*  out 
respectively  from  the  giey  matter,  lieie  they  nmifv 
and    terminate  by  arborisations  or  dendions    which 
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are    either  intermingling   with,   or    surrounding   the 
arborising  dendrons  of  the  dendrites  of  ganglion  cells 
or  surround  the  body  of  the  ganglion  cells.     Owing  to 
the   great   number  of  such  collaterals,  as  mentioned 
on  a  former   page, 
their    arborisations 
or  dendrons  form  a 
considerable       por- 
tion   of    the    grey 
matter. 

Sherrington  sug- 
gests the  term  of 
synapsis  (<Tvy  and 
&7rTb})  as  indicating 
the  contiguous  but 
not  continuous  re- 
lation of  the  arbo- 
rising terminations 
of  axons  surround- 
ing the  arborising 
dendrites  or  the 
body  of  a  ganglion  mvi 
cell.  Such  synapsis 
would  then  occur 
everywhere  in  the 
central  nervous  svs- 
tem    (cord,     brain, 

medulla,  sympa-  ^^S- 1  37a. -Scheme  of  the  Elements  of  the  Cord 

,,     ..        '         T  concerned  m  Reflex  Actions.    Longitudinal 

tnetic    ganglia,    re-     view.   {Kdaiker,n.) 

tina,       etc.)      wherever,  Ganglion  cell  of  a  spinal  ganglion;  s,  sen- 

1  ji      •  sory  fibre  coming  from  the  periphery;   sth, 

neuraxons  and  their       division  of  appsterior  rooc  fibre  into  «a.  an 

collaterals  of  a  near 
or  distant  ganglion 
cell    arborise    (ter- 
minate)   around    dendrites   or    the    cell   body    of   a 
ganglion  cell. 

A  second,  also  considerable,  portiow  cvi  \.W  ^^^ 


mw 


ascending  and  descending  fibre;  «c,  collaterals 
of  same  passing  to  motor  ganglion  cells,  m  ; 
m  w,  motor  (anterior)  root  fibres  being  axons  of 
anterior  nerve  cells. 
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matter  is  made  up  of  dendrons,  the  developing  fibres 
of  which  are  not  collaterals  but  are  direct  con- 
tinuations of  longitudinal  fibres  of  the  white  columns; 
thus  the  descending  branches  of  posterior  root  fibres 
terminate  in  this  way  in  the  grey  matter,  many  of 

the  main  fibres  of  the 
anterior  and  particularly 
the  lateral  columns  pass 
into  or  pass  from  the  grey 
matter,  and  after  a  shorter 
or  longer  course,  either  on 
the  same  side  or  after 
crossing  through  the  an- 
terior or  posterior  com- 
missure terminate  as  den- 
drons around  ganglion 
cells  or  intermingle  with 
the  arborisations  of  den- 
7n  w  drites  of  ganglion  cells. 
The  manner  of  the  most 
probable  connections  and 
actions  of  the  grey  matter 
of  the  cord  are  illus- 
trated by  the  accom- 
panying diagrams  (Figs. 
137a  and  137b),  copied 
from  KoUiker. 

Before  the  introduc- 
tion of  the  method  of 
Weigert,  and  its  modifi- 
cation by  Pal  (by  which 
the  medullary  sheath  of 
nerve  fibres  is  stained), 
it  was  unknown  that  the  grey  matter  of  the  cord 
contains  niedullated  nerve  fibres  to  any  large  extent. 
By  the  above  methods,  if  successfully  applied  to  the 
examination  of  suitablv  stained  sections  of  the  cord, 


mw 


Fig.  137b.— Scheme  of  the  Con- 
duction of  Impulses  in  Volun- 
tary Movement.    {KoUiker,  11.) 

p  8,  Fibres  of  the  crossed  pyramidal 
tract  in  the  cord :  these  fibres  had 
crossed  (pyramidal  crossing)  in 
the  medulla;  collaterals  of  these 
fibres  pass  into  and  terminate 
in  the  grey  matter  of  the  cord  -. 
p  0,  fibres  of  the  direct  pyramidal 
tract  in  the  cord,  col  laterals  cross 
in  the  cord ;  m,  nerve  cells  in  the 
anterior  grey  horns;  m  1/7, axons 
of  same  forming  the  fibres  of  the 
motor  (anterior)  roots. 
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it  is  shown  that  the  grey  matter  contains  a  really 
astonishing  number  of  medullated  nerve  fibres,  run- 
ning singly  or  in  small  bundles,  horizontally  and 
obliquely.  All  the  above  collaterals,  as  also  the 
continuations  of  the  fibres  passing  from  the  white 
columns  into  the  grey  matter,  or  vice  versdy  are 
medullated  fibres  {see  Figs.  122  and  123a). 

183.  The  large  vascular  branches  enter  the  white 
matter  of  the  cord  from,  or  pass  out  by  way  of  the  pia 
mater,  being  invested  in  neuroglia  continuous  with 
the  tissue  of  the  pia  mater.  By  continued  division 
they  resolve  themselves  into  fine  branches,  which  pass 
into,  or  pass  from,  the  network  of  capillaries. 

The  capillaries  are  more  abundant  and  form  a 
more  uniform  network  in  the  grey  than  in  the 
white  matter.  In  the  latter  most  of  them  have  a 
course  parallel  to  the  nerve  fibres,  i.e.  longitudinally. 
The  blood-vessels  and  the  ganglion  cells  are  ensheathed 
in  lymph  spaces  (perivascular  and  pericellular  spaces). 
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CHAPTER     XVII. 

THE   MEDULLA   OBLONGATA    OR    SPINAL    BULB. 

184.  As  the  cervical  portion  of  the  spinal  cord 
passes  into  the  medulla  oblongata  its  parts  alter  in 
position  and  relation.  It  is  possible,  to  a  large 
extent,  to  recognise  in  the  bulb,  regions  which 
correspond  to  ditferent  areas  of  the  cord.  Many  of 
the  cord  areas  are,  however,  lost  in  the  bulb,  and  on 
the  other  hand,  many  new  areas  appear. 

185.  The  anterior  or  ventral  fissure  is  continued 
as  far  as  the  bulb  extends.  The  posterior  or  dorsal 
fissure  of  the  cord  is  also  continued  for  a  certain 
distance  along  the  medulla,  but  this  widens  out  in  the 
upper  part  of  the  bulb  into  the  lower  end  of  ihe  fourth 
ventricle.  The  line  of  origin  of  the  anterior  roots  of 
the  spinal  cord  is  continued  into  the  medulla,  being 
marked  out  by  the  exit  of  the  roots  of  the  hypoglossal 
nerve.  In  the  upper  portion  of  the  medulla  this  line 
of  origin  develops  into  a  marked  fissure.  The  shallow 
groove  existing  dorsally  between  the  postero-median 
and  postero-external  columns  of  the  cord  is  even  better 
marked  in  the  bulb,  and  divides  ihQ  funiculus  gracilis 
(median)  from  the  funiculus  cuneatus  (external). 
The  posterolateral  groove  into  which  the  posterior 
roots  pass  to  the  cord  is  continued  up  as  the  external 
boundary  of  the  funiculus  cuneatus  and  the  internal 
boundary  of  yet  another  longitudinal  projection, 
leading  up  to  a  prominence,  the  tubercle  of  Rolando. 
In  the  upper  portion  of  the  cervical  cord  there  project 
from   the   lateral  columns   the   roots   of  the    spinal 
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iLucesaory  nei-ve.  The  Huo  of  origin  of  tliose  roots  is 
CDutiniied  up  along  thelateml  aiirftiCt!  of  the  bulb  and 
there  arise  successively  along  this  line  the  roots    oi 
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186.  It  will  be  found  most  conveaieat  in  ordei- 
to  determine  the  relation  of  the  different  regions  in 
the  tiilb  with  those  of  the  cord,  to  examine  the 
iippearances  presented  by  successive  sections  of  the 


bulb,  cut  in  a  dorao- ventral  direction,  an<l  com- 
mencing lit  a  level  immediately  above  tbp  ccrvicsl 
sinniU  cord, 

187.  Tlin  region  oflhf  pyramidal  dorus- 

salioii{Fif;s.  13?  and  139).— In  this  rei;ion  the  fibres 
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of  tlie  crosaed  pyramidal  tract,  lying  in  tlie  dorsolateral 
portion  of  the  cord,  take  on  uii  oblique  coui-se  and, 
passing  across  tlie  middle  linp,  again  resume  dieir  direct 
course  in  what  would  cowespond  in  tlie  cord  to  the 


ubiamfl^of  II  ft'riarrl: 


anterior  or  ventral  column.  In  their  )iiiSNftge  ucrofw  to 
the  other  side  of  the  medulla  tln^se  filirpN  sepmutd  oil' 
the  head  of  the  anterior  horn  ko  that  the  grey  matter 
of  the  rnpnt  lies  in  the  anterior  ai-ea  discoiiiici-ted 
fi-oni  thii  main  mass  of  the  grey  matter.  The  angle 
fornied  liy  the  median  Iwundariea  of  the  two  posterior 
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horns  increases  very  considerably,  so  that  these  horns 
come  to  lie  more  transversely  across  each  half  of  the 
medulla  than  was  the  case  in  the  cord.  There 
develop  also  from  this  inner  margin  of  the  posterior 
horns,  in  the  upper  part  of  the  pyramidal  decussation, 
certain  protuberances  of  grey  matter ;  a  median  mass 
projecting  into  the  funiculus  gracilis  and  known  as  the 
nucleus  of  the  funiculus  ^raciZis  and  a  more  externally 
situated  mass,  projecting  into  the  funiculus  cuneatus, 
and  known  as  the  nucleus  of  the  funiculus  cuneatus. 
The  substantia  gelatinosa  at  the  tip  of  the  posterior 
horn  also  becomes  more  conspicuous  and  causes  the 
medulla  to  project  in  this  region,  forming  the  funiculus 
of  Rolando.  Higher  up  this  projection  becomes  even 
more  conspicuous  and  is  known  as  the  tubercle  of 
Rolando.  In  the  region  of  the  pyramidal  decussation 
the  substantia  gelatinosa  of  Rolando  is  separated  from 
the  surface  by  a  longitudinal  mass  of  medullated  fibres 
which  pass  to  the  origin  of  the  fifth  nerve.  This  mass 
of  fibres  is  spoken  of  as  the  ascending  root  of  the 
fifth  nerve. 

188.  The  reg^ion  betiveeii  the  upper  end 
of  the  pyramidal  decussation  and  the 
commencement  of  the  olives  (Fig.  140). — In 
this  region  the  central  canal  is  seen  to  lie  more 
posteriorly  corresponding  to  its  gradual  approach 
towards  the  posterior  surface.  The  pyramids  oc- 
cupy well  defined  positions  on  the  ventral  side 
of  the  bulb  immediately  abutting  on  the  anterior 
fissure  and  bounded  laterally  by  the  fibres  of  the 
hypoglossal  nerve  coursing  from  the  nucleus  of  the 
twelfth,  across  the  medulla.  There  is  to  be  seen  lying 
in  the  lateral  region  between  the  substantia  gelatinosa 
of  Rolando  and  the  fibres  of  the  twelfth,  a  mass  of 
cells,  which  correspond  to  some  extent  to  the  more 
dorsal  portion  of  the  separated  anterior  horn,  but 
which  in  part  is  to  be  regarded  as  a  new  formation. 
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This  mass  of  cells  is  spoken  of  as  the  lateral 
nucleus.  It  is  to  be  noticed  that  the  posterior  white 
matter  is  gradually  undergoing  absorption,  being 
invaded  by  the  grey  matter  of  the  corresponding 
nuclei.  The  grey  matter  of  these  nuclei  gradually 
becomes  more  marked,  the  nucleus  of  the  funiculus 
gracilis  early  absorbing  the  white  matter  of  the 
column  and  lying  quite  close  to  the  surface.  The 
nucleus  of  the  funiculus  cuneatus  lies  rather  more 
deeply,  but  is  gradually  invading  the  white  substance. 
The  central  portion  of  the  medulla  becomes  broken 
up,  and  fibres  are  seen  passing  in  an  arched  manner 
from  the  nucleus  gracilis  mainly,  and,  to  some  extent, 
from  the  nucleus  cuneatus  towards  the  middle  line. 
These  arched  fibres  on  reaching  the  middle  line, 
for  the  most  part  bend  longitudinally,  and  thus  form 
a  mass  of  fibres  lying  dorsal  to  the  pyramids,  and 
spoken  of,  higher  up,  as  the  inter-olivary  layer.  This 
decussation  of  fibres  passing  from  the  gracile  and 
cuneate  nuclei  is  sometimes  referred  to  as  the  superior 
or  sensory  decussation. 

189.  The  reg^ion  of  the  lower  portion  of 
the  olives  (Fig.  141). — A  few  millimetres  higher  up 
than  the  last  section  the  olives  are  seen  to  be  distinctly 
foraied,  though  they  have  not  reached  their  greatest  size 
and  though  the  central  canal  is  still  closed.  The  central 
canal  has  at  this  level  approached  yet  more  closely  to 
the  posterior  surface.  Each  lateral  half  of  the  bulb 
may  be  more  or  less  distinctly  marked  off  into  three 
areas  :  a  median  area  lying  between  the  middle  line 
and  the  roots  of  the  twelfth  nerve  as  they  course  across 
the  bulb  from  the  hypoglossal  nucleus ;  a  lateral  area, 
lying  between  the  roots  of  the  twelfth  and  those  of  the 
eleventh,  which  issue  more  laterally ;  and  an  area, 
posterior  to  the  eleventh  roots,  which  may  be  called 
the  posterior  area.  The  lateral  nucleus  lies  in  the 
dorsal     portion    of    the     lateral     area.      The    main 
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niosH    of     the    olive    lies    in    the    ventral     portio: 
of  the    lateral    area,    but    two    additional    masset 


similar  in  structure  to  the  olive,  may  also  be 
seen,  one  lying  In  the  lateral  area,  dorsal  to  the 
main  olive,  known  as  the  dorsal  accessory  olive, 
and  the  other  lying  in  the  median  area,  separated 
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from  the  main  olive  by  the  roots  of  the  hypoglossal 
nerve  and  known  as  the  mesial  accessory  olive.  The 
more  central  portion  of  the  section  is  seen  to  be 
broken  up  by  fibres  passing  horizontally,  separating 
others  which  are  proceeding  longitudinally ;  and  yet 
other  strands  are  to  be  noticed  intersecting  both  of 
these.  Nerve  cells  are  scattered  through  this  area, 
and  more  conspicuously  in  its  lateral  portions,  and 
these  nerve  cells  with  attendant  neuroglia  may  be 
regarded  as  representing  the  much  diffused  grey 
matter  of  the  ventral  horn  which  was  separated  by 
the  decussation  of  the  pyramidal  fibres.  This  broken 
tissue  is  spoken  of  as  the  reticular  formation,  the  more 
lateral  portion,  which  appears  darker  on  account  of  the 
nerve  cells  being  more  numerous,  being  referred  to  as 
the  grey  reticular  formation,  and  the  central  part  as  the 
white  reticular  formation.  In  the  middle  line,  where 
the  reticular  formations  of  either  side  are  continuous, 
the  decussation  of  the  fibres  coursing  transversely,  and 
the  presence  of  many  fibres  running  in  a  dorso-ventral 
direction,  give  a  somewhat  peculiar  appearance  to 
the  reticular  region.  The  narrow  intermediate  band 
is  called  the  raphe,  and  it  contains  a  larger  proportion 
of  nerve  cells  than  the  remainder  of  the  median 
reticular  formation.  The  lateral  nucleus  is  still 
prominent  at  this  level,  the  substantia  gelatinosa 
of  Rolando  and  the  ascending  root  of  the  fifth  are 
also  seen.  This  latter  is  gradually  becoming  separated 
from  the  surface  by  a  band  of  fibres  running  longi- 
tudinally but  somewhat  obliquely  which  repi*esents 
the  commencement  of  the  resti/orm  body  or  inferior 
peduncle  of  the  cerebellum.  The  longitudinal  fibres 
lying  outside  the  lateral  nucleus  represent  the  upward 
continuation  of  the  direct  cerebellar  tract  and  these 
fibres  gradually  pass  into  the  restifoim  body.  Fibres 
are  seen  proceeding  in  a  ventral  direction  from 
the  raphe,  originating  in  part  from  cells  of  the  ra\^he 
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but  having  some  connection  probably  with  the  nuclei 
gracilis  and  cuneatus,  and  these  fibres  passing  from 
the  anterior  fissure  encircle  the  pyramids  and  olives 
and  pass  towards  the  commencing  restiform  bodies. 
These  fibres  are  spoken  of  as  external  arcuate  fibres. 
There  is  to  be  seen  at  about  this  level  for  the  first 
time  a  somewhat  compact  bundle  of  longitudinal  fibres 
lying   between  the  central  canal  and  the  substantia 
gelatinosa,    though   considerably   nearer  the  former. 
This   bundle   is   surrounded    by    grey    matter,    with 
the   cells  of  which    the   fibres   are   connected.     The 
fibres  of  the  bundle  mainly  pass  out  with  the  roots 
of  the  glossopharyngeal  nerve  and  it  therefore  has  been 
called   the   ascending   root    of  the   glossopharyngeal ; 
the  TiBX£i^^  fasciculus  solitarius  and  respiratory  bundle 
are  sometimes  applied  to  the  same  tract.     In  addition 
to  the  nerve  cells  already  referred  to  other  important 
masses  of  cells  are  now  to  be  seen  distinctly,    (a)  The 
nucleus  of  the  twelfth  nerve.     This  consists  of  a  group 
of  nerve  cells  representing,  probably,  the  most  dorsal 
portion  of  the  separated  anterior  horn,  lying  slightly 
ventral  to  the  central  canal.     The  cells  are  multipolar 
and  vary  in  size  from  40-70//,  and  the  neuraxons  of 
these  cells,  after  a  somewhat  irregular  course,  become 
the  fibres  of  the  hypoglossal  nerve.     The  fibres  on  each 
side  pass  in  a  ventro-lateral  direction  across  each  half 
of   the    medulla   and    issue    from   the   groove   lying 
immediately  lateral  to  the  pyramids.    (6)  The  nucleus 
of  the   eleventh  nerve.      It  must  be  noted    that   the 
eleventh,  tenth,  and  ninth  nerves  pass  off*  at  different 
levels  from  a  group  of  cells  longitudinally  continuous. 
This  group  of  cells  can  be  spoken  of  as  the  combined 
nucleus  of  the  spinal  accessory  (more  correctly  the 
bulbar  accessory),  the  vagus  and  the  glossopharyngeal. 
It  is   not   possible  to  define   precisely    the  divisions 
of    the    nucleus    corresponding   to    each    nerve.      In 
the  region  of  the  medulla    we    are    now    describing, 
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liowever,  the  roots  belong  to  the  spinal  accessory  nerve. 
Here  the  nucleus,  consisting  of  a  mass  of  somewhat 
spindle-shaped  cells,  30-40/1  long  and  12-20/1  wide, 
occupies  a  position  dorsal  to  the  twelfth  nucleus  and 
adjacent  to  the  central  canal.     From  this   nucleus 
fibres  may  be  traced  passing  laterally  across  each  half 
of  the  medulla,  and  emerging  from  the  bulb  between 
the  restiform  body  and  the  olive,     (c)  The  nucleus  of 
tlie  funiculus  gracilis,  (d)  The  nucleu^s  of  tlie  funiculus 
cuneatus.    There  may  be  seen  external  to  this  nucleus 
an  isolated  mass  of  cells,  this  is  to  be  regarded  as 
an    accessory    cuneate    nucleus.       (e)    The     lateral 
nucleus, 

190.  The  region  of  the  middle  of  the  loiver 
half  of  the  fourth  ventricle  (Fig.  142).— At  this 
level  the  central  canal  has  opened  out  into  the  fourth 
ventricle.  This  fourth  ventricle  is  furnished  with  a 
lining  membrane,  consisting  of  columnar  cells  (which 
may  be  ciliated),  resting  upon  neuroglia.  This  lining 
membrane  is  spoken  of  as  the  ependyma.  With  the 
opening  out  of  the  central  canal  the  gracile  and  cuneate 
nuclei  have  retreated  from  their  median  position  and 
come  to  lie  in  the  dorsolateral  region.  The  two  gracile 
nuclei  therefore  are  separated  from  one  another  by  the 
width  of  the  fourth  ventricle.  The  nucleus  of  the 
twelfth  nerve  lies  now  in  the  median  position  at  the 
dorsal  surface,  and  in  this  locality  a  slight  bulging 
into  the  ventricle  exists  which  corresponds  to  the 
funiculus  teres.  Lateral  to  the  nucleus  of  the  twelfth 
lies  the  combined  nucleus  of  the  eleventh,  tenth  and 
ninth,  here  corresponding  to  the  vagus  nerve.  The 
restiform  body  has  increased  in  size  and  has  now 
largely  absorbed  the  direct  cerebellar  tract.  The 
olives  are  also  much  more  prominent,  and  have 
here  reached  their  full  development.  These  bodies 
each  consist  of  a  lamina  '  of  grey  matter  folded  back 
upon    itself,    enclosing    a    space    filled    vjvOcv  ^NxnXr. 
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natt«r.  The  convex  portion  of  tlie  foldcorresiiouds  to 
the  external  protuberance.  This  lamina  has,  in  addition 
to  the  main    fold,   niimerous  secondary  longitudinal 


folds,  so  that  in  transverse  section  it  presents  the 
appearance  of  a  wavy  band  of  grey  matter  passing 
fi-om    the  formatio  reticularis   towards  tiiu    surface. 
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and  then  arching  back  it  continues  its  wavy  course 
towards  the  region  from  which  it  started.  Inter- 
nally there  pass  into  the  interior  of  the  olive  tracts 
of  white  fibres  which  radiate  outwards  towards  the 
concave  surface  of  the  lamina.  The  lamina  itself  is 
composed  largely  of  neuroglia,  broken  by  nerve  fibres 
passing  across,  there  are  also  present  many  multi- 
polar nerve  cells.  These  cells  possess  axis-cylinder 
processes  which  possibly  pass  down  into  lateral 
columns  of  the  cord  and  become  connected  with 
motor  cells  in  the  grey  matter.  They  are  themselves 
connected  with  nerve  fibres  which,  springing  originally 
from  the  cells  of  Purkinje  in  the  cerebellum,  course 
through  the  restiform  body  and,  becoming  cerebeUo- 
olivary  fibres  in  the  medulla,  pass  across  the  opposite 
olive.  It  may  also  be  that  the  olives  are  connected 
by  longitudinal  fibres  with  the  cerebral  hemispheres. 

It  is  possible  to  classify  to  some  extent  the 
numerous  fibres  passing  transversely  across  the 
medulla  in  this  region. 

Somewhat  lower  than  the  transverse  section 
we  are  at  present  considering  were  decussating 
fibres  from  the  gracile  and  cuneate  nuclei,  called 
internal  arcitate  fibres,  forming  the  inter-olivary  layer. 
With  the  development  of  the  restiform  body  and  the 
olives,  other  fibres  proceeding  transversely  become 
prominent.  The  external  arcuate  fibres  may  be 
held  to  comprise  three  minor  groups.  (a)  Those 
passing  from  the  raphe  and  encircling  the  pyra- 
mids and  olives.  Amongst  these  fibres  in  the 
upper  part  of  the  bulb  are  a  mass  of  nerve  cells 
known  as  the  nucleus  arciformis,  (b)  Fibres  passing 
from  the  lateral  tract  into  the  restiform  body.  These 
are  largely  the  more  superficial  of  the  fibres  of  the 
direct  cerebellar  tract.  (c)  Fibres  passing  dorsally 
from  the  gracile  and  cuneate  nuclei  to  the  restiform 
body  of  the  same  side.     These  fibres  are  ako  ^A^ofeje^. 
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of  as  superficial  dorsal  arcuate  fibres.  In  addition 
to  the  so-called  arcuate  fibres  there  are  other  fibres 
which  have  a  somewhat  arched  course,  but  which  are 
best  separated  into  a  distinct  class,  and  spoken  of  as 
cerebello-olivary  fibres.  These  include  a  majority  of 
the  fibres  forming  the  restiform  body.  They  pass 
from  the  restiform  body  either  laterally  to  the  ascend- 
ing root  of  the  fifth,  or  to  some  extent  intersecting  it, 
and  proceed  towards  the  dorsal  lamina  of  the  olive. 
Most  of  the  fibres  then  penetrate  the  grey  matter 
(a  few  perhaps  becoming  lost  therein),  and  passing 
into  the  white  core  of  the  olive  emerge  at  the  olivary 
peduncle  and  proceed  to  the  raphe.  The  more 
dorsal  of  these  fibres  passing  from  the  restiform  body 
do  not  intersect  the  olive  ;  the  more  ventral  pass 
round  the  olive  (and  are  hence  regarded  by  some  as 
external  arcuate  fibres),  and  entering  between  the 
olive  and  pyramid  pass  to  the  raphe.  Having 
crossed  the  raphe  these  fibres  either  bend  longitudi- 
nally or  pass  to  the  olivary  grey  matter.  The 
longitudinal  fibres  lying  between  the  olives  in  the 
ventral  portion  of  the  formatio  reticularis  are  known 
as  the  inter-olivary  layer.  This  diffuse  column  of 
fibres  becomes  more  distinct  higher  up,  and  is  then 
known  as  the  fillet  or  lemniscus.  In  the  posterior 
part  of  the  formatio  reticularis  near  the  raphe,  a 
fasciculus  of  longitudinal  fibres  is  gradually  becoming 
more  distinct.  This  is  known  as  the  posterior  longi- 
tudinal bundle,  and  is  to  be  regarded  as  representing 
a  part  of  the  anterior  or  ventral  column  of  the  cord. 
The  hypoglossal  nucleus  lies  now  on  the  floor  of 
the  ventricle,  and  external  to  it  lies  the  nucleus  of 
the  vagus.  The  cells  forming  this  nucleus  may  be 
divided  into  two  groups,  a  more  median  and  a  more 
lateral.  The  median  group  consists  of  the  larger  cells. 
In  addition  to  this  superficial  nucleus  there  lies  in 
the  formatio  reticularis,  midway  between  the  fibres 
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of  the  twelfth  and  eleventh  nerves,  a  second  nucleus 
known  as  the  nucleus  amhiyuus  or  motor  nucleus  of 
the  tenth.  Fibres  from  this  nucleus  pass  dorsally  to- 
wards the  main  vagus  nucleus,  and  issue  with  the 
vagus  roots.  Fibres  from  the  fasciculus  solitarius 
also  pass  out  with  the  vagus.  The  vagus  fibres  thus 
have  three  centres  of  origin. 

A  section  taken  somewhat  higher  than  that  just 
considered  would  show  the  issue  of  the  glosso- 
pharyngeal nerve.  A  majority  of  the  fibres  of 
the  fasciculus  solitarius  pass  out  with  the  glosso- 
phciryngeal,  running  first  towards  the  main  nucleus, 
and  then  turning  back  and  coui-sing  with  the  fibres 
of  the  ninth  nerve.  There  are  also  to  be  seen  at 
this  level,  rather  more  distinctly  than  in  the  lower 
section,  lying  somewhat  external  to  the  fasciculus 
solitarius,  and  near  to  the  grey  matter  corresponding 
to  the  nucleus  gracilis,  some  scattered  longitudinal 
bundles  of  fibres,  which  are  connected  with  the 
auditory  nerve,  and  are  known  as  the  dscending  root 
of  the  eighth. 
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CHAPTER    XVIII. 

CONTINUATION   OF   THE    MEDULLA    OBLONGATA 
THROUGH    THE     PONS     VAROLII     AND     THE     REGION     OF 

THE    CRURA. 

1 91.  The  reg^ioii  of  the  middle  of  the  fourth 
ventricle  (Fig.  143). — Adorso-ventral  section  passing 
through  that  part  of  the  fourth  ventricle  across  which 
the  striae  acusticse  course  would  be  somewhat  below 
the  precise  middle  of  the  ventricle,  but  may  be  con- 
veniently considered  first.  Such  a  section  would  not 
involve  the  pons  varolii  and  would  probably  just 
miss  the  exit  of  the  sixth  nerve.  In  such  a  section 
the  upper  part  of  the  diminishing  olive  would  be 
seen  still.  The  formatio  reticularis  occupies  the 
median  portion  of  each  half,  and,  laterally,  the  resti- 
form  body  is  here  at  its  maximal  size.  Coursing 
ventro-laterally  with  respect  to  the  restiform  body 
are  seen  the  higher  roots  of  the  ninth  nerve ;  on  the 
median  side  of  this  there  appears  the  ascending  root 
of  the  fifth.  On  the  median  side  of  the  dorsal  portion 
of  the  restiform  body  are  seen  longitudinal  fibres 
belonging  to  the  ascending  root  of  the  eighth  nerve, 
and  lying  somewhat  dorsal  to  this  are  nerve  cells 
belonging  to  the  same  nerve.  The  dorsal  edge  of 
the  section  appears  to  be  composed  of  transverse 
dbres  coursing  from  the  raphe  round  the  restiform 
body  and  directed  towards  the  exit  of  the  eighth 
nerve.     These  are  the  strice  acustica\ 

Lying  on  the  ventro-lateral  side  of  the  restiform 
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body  is  a  nians  of  nerve  cfUu  connected  with  the 
fibres  of  t)ie  acoustic  nei've  aiuI  called  tlie  tmnlral 
ganglion,  of  tlie  eiglith.  A  section  taken  slightly 
higher  would  involve  the  |«ns  and  show  Konie  slight 


changes  when  compared  witli  the  section  jnst  ilescnbed. 
The  most  conspicuous  difference  in  tlie  higher  section 
consists  in  the  presence  of  ii  prominent  niHK4  of 
transverse  hbres  [wiHsiuf;  across  <m  tUf  NrwX.v^V  ■ss.^"*- 
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and  breaking  up  the  pyramids  into  smaller  bundles. 
The  auditory  nerve  is  to  be  seen  issuing  as  before,  and 
on  the  median  side  of  the  eighth  a  second  nerve,  the 
seventh,  passes  out.  It  must  be  remembered  that 
neither  the  sixth  nor  the  seventh  nerves  pass  by  direct 
dorso-ventral  courses  outwards.  The  seventh  nerve 
originates  from  a  nucleus  lying  in  the  formatio 
reticularis  midway  between  the  ventral  acoustic 
nucleus  and  the  raphe,  and  at  about  the  same  level 
as  the  nucleus.  The  fibres  from  the  facial  nucleus  at 
first  pass  dorsally  and  then  turn  longitudinally  and 
pass  for  a  short  distance  upwards,  becoming  involved 
in  the  nucleus  of  the  sixth.  After  a  short  upward 
course  they  turn  back  again  towards  the  lower  region 
of  the  bulb,  and,  taking  gradually  a  more  ventral 
direction,  finally  emerge  near  the  exit  of  the  eighth 
nerve.  There  also  pass  out  with  the  facial  nerve 
fibres  derived  from  the  hinder  portion  of  the  nucleus 
of  the  third  nerve.  These  fibres  supply  the  orbicu- 
laris palpebrarum  and  frontalis  muscles.  The  nerve 
cells  composing  the  nucleus  of  the  seventh  are  about 
40-60/1  in  size,  their  neuraxons  are  directed  dorsally 
to  form  the  nerve  fibres  of  the  facial  nerve. 

A  mass  of  grey  matter  is  also  seen  lying  slightly 
median,  and  ventral  to  the  seventh  nucleus.  This 
mass  of  grey  matter  contains  nerve  cells,  and  is  known 
as  the  superior  or  little  olive.  This,  in  adults,  is  about 
4-5  mm.  in  length,  but  is  better  developed  in  lower 
animals.  The  cells  are  similai*  to  those  of  the  olive, 
about  30-40/1  in  diameter,  with  neuraxons  and  much- 
branching  dendrites.  Another  mass  of  cells  is  to 
be  made  out  on  the  ventro-niedian  aspect  of  the 
superior  olive.  This  is  known  as  the  trapezoid 
nucleus.  Fibres  may  be  seen  proceeding  from  the 
ventral  nucleus  of  the  eighth,  and  passing  on  the 
ventral  side  of  the  superior  olive  and  the  trapezoid 
nucleus.       These    fibres    constitute    the    trapezium^ 
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and  form  the  most  dorsal  portion  of  the  transverse 
fibres  of  the  pons. 

The  connection  of  the  auditory  nerve  with  its 
different  origins  is  now  to  be  described.  There  are 
three  main  nuclei  from  which  origin  takes  place : — 
(a)  the  ventral  or  accessory  nucleus  lying  near  the 
place  of  exit  of  the  nerve,  and,  from  its  resemblance 
to  a  spinal  ganglion,  sometimes  called  the  acoustic 
ganglion  ;  (b)  a  mass  of  cells  lying  on  the  floor  of  the 
fourth  ventricle,  midway  between  the  restiform  body 
and  the  median  furrow,  called  the  dorsal  inedian 
nucleus ;  and  (c)  a  mass  of  cells  lying  near  the 
ascending  root  of  the  eighth,  between  the  median 
nucleus  and  the  restiform  body,  but  somewhat  deeper 
than  the  former,  called  the  dorsolateral  nucleus  or 
nucleus  of  Deiters.  The  ventral  nucleus  is  really 
divisible  into  two ;  a  more  lateral  portion  and  the 
main  ventral  nucleus.  The  lateral  portion  forms  the 
tubercidum  acusticum.  The  eighth  nerve  can  be 
seen  to  consist  of  two  parts,  one  part  passes  to  the 
median  side  of  the  restiform  body,  the  other  to  the 
lateral  aspect.  The  former  is  called  the  vestibular 
nerve,  and  the  latter  the  cochlear  nerve,  corresponding 
to  the  destination  of  these  two  divisions.  The 
cochlear  nerve  has  finer  fibres  than  the  vestibular, 
the  fibres  of  the  former  being  1-2*5/1,  those  of  the 
latter  2-4/i.  The  fibres  of  both  nerves  divide,  like 
a  spinal  posterior  root  fibre,  into  an  ascending  and 
descending  branch  after  entering  the  medulla.  The 
ascending  branches  of  the  cochlear  nerve  pass  to 
the  ventral  nucleus,  the  descending  branches  to  both 
the  tuberculum  acusticum  and  the  ventral  nucleus. 
From  the  ventral  nucleus  fibres  pass  as  already 
stated  into  the  trapezium  and  become  connected  in 
part  witli  the  cells  of  the  superior  olive  and  the 
nucleus  trapezoides.  The  cells  of  the  tuberculum 
acusticum,  andpartly  also  those  of  the  ventral  uv\cWw&^ 
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originate  the    fibres    composing  the   atrim   acuslica. 
(Fig.  152.)     The  fibres,  therefore,  coursing  round  the 


tririg  fsnu  tlie  medlui  pan  ut  lb*  DVPernlge.  tun  BTmiurtrlcn]  llahl  muaei 
liaiHiitbviUBUNTilhBnalsL  Fltii»  fnmi  tbe  laiHr  aMeniwiweii  nudnii 
dnvnmrAi  ii«r  the  laiildle  ttae,  (licaa  *»  tba  Blirei  of  tbt  vitll  Tlie 
flbm  ot  tbvTlIdi  He  ■BOD  tohIdb  ■PiarsnBlr  from  tbB  anter  ilde  ol  tbe 
vjlli  nuctoiii  on  tbc  teft  BidP.  Tbenuvl^nioftlw  viithlJi-anB  di>Tiwl  aide  of 
tbe  olive.  Tlw  dvlieBt  Iltiuo  lyLnif  bencAtli  v  andat  leval  AoonttliutM  iba 


restiform  body,  though  apparently  the  continuation  of 
the  cochlear  nerve,  are  really  the  neuraxonsof  cells  of 
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the  tuberoulum  acusticuin  and  ventml  nucleus,  which 
are  coouected  with  tlie  terminal  arlroreiicences  of 
fibr«ii  composing  the  cochlear  nerve.     The  vestibular 


nerve  fibres  ulso  <lividc,  on  entering  the  bull),  into 
ascending  and  descending  branthcN.  These  diSercnt 
branch  OH   l)rconie   conn  1*1  ed    with   tlie    cells   of   tU<i 


2  22  Elements  of  Histology, 

dorso-median  nucleus,  Deiters's  nucleus,  and  the 
cells  around  the  ascending  root  of  the  eighth.  As 
regards  the  further  course  of  the  striae  acusticse,  these 
bundles  show  many  fibres  passing  vertically  into 
the  central  mass  of  the  bulb  or  the  tegmentum, 
as  it  is  termed ;  other  fibres  of  the  strise  acusticse 
decussate  at  the  raphe,  some  pass  thence  towards 
the  superior  olive  and  turn  longitudinally,  others 
pass  towards  the  restiform  body. 

192.  Region  of  nucleus  of  seventh  nerve. 
The  nucleus  of  the  seventh  extends  towards  the  mid- 
brain, almost  to  the  upper  limit  of  the  nucleus  of  the 
sixth,  A  section  taken  through  the  junction  of  the 
upper  and  middle  thirds  of  the  fourth  ventricle  would 
pass  through  both  these  nuclei,  showing  the  appearance 
seen  in  Fig.  144.  The  fibres  here  are  seen  passing 
from  the  nucleus  of  the  seventh  towards  that  of 
the  sixth,  which  is  seen  on  the  floor  of  the  fourth 
ventricle.  Towards  the  inner  side  of.  this  a  more  or 
less  prominent  mass  of  fibres  of  the  seventh  turn 
longitudinally,  forming  the  genu  of  the  seventh 
(Fig.  145),  and  there  are  seen  laterally  fibres  about 
to  pass  out  of  the  bulb,  belonging  to  this  same  nerve. 

The  nucleus  of  the  sixth  or  abducens  nerve  consists 
of  multipolar  cells,  about  40-50  /i  in  diameter.  The 
neuraxons  of  these  cells  pass  from  the  median  side 
ventrally  towards  the  pons  and  run  through  this 
with  an  oblique  backward  course  so  as  to  issue  at 
the  lower  edge  of  the  pons  in  line  with  the  roots 
of  the  twelfth.  The  nucleus  is  connected  with  the 
superior  olive  by  a  bundle  of  fibres,  which  is  called 
the  pedicle  of  the  superior  olive.  Other  connections 
exist  with  the  pyramidal  bundles  and  the  posterior 
longitudinal  bundle. 

193.  The  rei^on  of  the  upper  end  of  the 
fourth  ventricle.  (Fig.  146.) — A  section  through 
the    nuclei   of    the     fifth    nerve     would     show    the 
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chartuilers  of  a  transverse  .section  in  this  region.  The 
origins  of  the  tifth  seen  in  tliis  section  consist  of 
two  more  or  lest)  distinct  mattes  of  cells,  the  outer 
being   described   an  the    sensory    nucleus,  tlie    inner 


B3  the  motoi-  nucleus.  From  these  masses  of  "cells 
nerve  fibres  arc  seen  to  pass  in  a  ventro-Uteral 
direction  to  the  fifth  nerve.  The  more  exact  origin 
of  this  nerve  nuiy  lie  now  referred  t(i.     \.w  V\w. 'm'^^ 
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place  the  nerve  consists  of  two  parts,  the  motor  and 
the  sensory  divisions.  The  se'tisory  division  proceeds 
from  the  Gasserian  ganglion,  and,  on  reaching  the 
deeper  layers  of  the  pons,  the  different  fibres  divide  into 
ascending  and  descending  portions,  like  an  ordinary 
sensory  nerve.  The  descending  portions  form  a 
bundle  of  fibres,  the  so-called  ascending  root  of  the 
fifth,  which  has  been  referred  to  in  most  of  the  regions 
already  described.  This  can  be  traced  down  distinctly 
as  far  as  the  pyramidal  decussation.  The  bundle 
diminishes  in  amount  on  tracing  it  downwards, 
and  is  always  associated  with  a  mass  of  grey  matter 
lying  on  the  median  side,  the  substantia  gelatinosa. 
In  this  substantia  gelatinosa  are  cells  round  which 
the  fibres  of  the  "  ascending  "  root  form  arborescences. 
At  the  level  of  the  exit  of  the  fifth  these  cells  of 
the  substantia  gelatinosa  are  more  evident,  and  are 
referred  to  as  the  chief  sensory  nucleus.  The 
ascending  branches  of  the  bifurcating  sensory  root 
become  connected  with  the  cells  of  the  chief  nucleus. 
From  the  cells  lying  in  the  substantia  gelatinosa 
against  the  "  ascending  "  fifth  along  its  whole  length 
there  pass,  towards  the  middle  line,  arched  fibres, 
which  cross  the  raphe,  then  become  longitudinal 
in  their  course  and  enter  the  fillet.  On  their 
way  towards  the  upper  part  of  the  brain  these  fillet 
fibres  of  the  fifth  give  off  numerous  collaterals  which 
are  connected  with  cells  in  the  reticular  formation. 
The  motor  root  springs  from  the  motor  nucleus.  This 
occupies  the  position  somewhat  of  an  upward  con- 
tinuation of  the  seventh  nucleus.  It  consists  of  large 
multipolar  cells  (50-70 /i)  having,  however,  blunt, 
unbranched  processes.  The  fibres  forming  the  motor 
root  are  partially  decussated,  so  that  the  root  on  one 
side  is  composed  of  fibres  derived  from  the  motor 
nuclei  of  both  sides.  There  are  connections  between 
the  motor  and  sensory  nuclei  which  may  furnish  the 
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path  for  reflex  masticatory  action.  There  must 
also  exist  connections  with  fibres  of  the  pyramidal 
system.  Passing  dorsally  between  the  two  nuclei 
are  seen  fibres  which  turn  longitudinally  and  form 
a  small  tract  traceable,  upwards,  about  as  far  as  the 
anterior  corpora  quadrigemina.  This  is  known  as  the 
"  descending  "  or  cerebral  root  of  the  fifth.  It  will 
perhaps  be  well  to  describe  its  course  here.  In 
the  region  of  the  posterior  corpora  quadrigemina  it 
lies  near  the  dorsal  angle  of  the  superior  cerebellar 
peduncle  and  dorsolateral  to  the  outer  angle  of  the 
posterior  longitudinal  bundle.  It  is  separated  from 
this  bundle  by  a  mass  of  pigmented  cells,  known 
as  the  8ivhstantia  ferruginea  (Fig.  147).  The  "des- 
cending "  root  can  be  traced  upwards  as  a  bundle 
of  large  fibres  against  which  lies  scattered  round  or 
spindle-shaped  nerve  cells,  less  deeply  pigmented  than 
those  of  the  substantia  ferruginea.  Passing  to  the 
level  of  the  anterior  corpora  quadrigemina,  the  root 
can  be  seen  for  some  distance,  lying  at  the  edge  of 
the  gvey  matter  surrounding  the  Sylvian  aqueduct 
and  near  the  upper  end  of  the  anterior  corpora 
quadrigemina  it  becomes  lost.  Returning  to  other 
structures  seen  at  the  level  of  the  exit  of  the  fifth 
nerve,  it  will  be  well  to  refer  to  the  a})pearance 
now    presented  by  the  fillet. 

In  the  middle  of  the  fourth  ventricle  the  fillet 
consists  of  a  mass  of  longitudinal  fibres  lying  on  either 
side  near  the  middle  line  and  separating  the  formatio 
reticularis  from  the  transverse  fibres  of  the  pons. 
In  the  sub-pontine  region  the  fillet  fibres  lie  between 
the  olives,  forming  the  inter-olivary  layer.  In  the 
uppei"  portion  of  the  fourth  ventricle  the  fillet  on 
either  side  divides  into  two  masses,  one  part  lying 
between  the  superior  olive  and  the  middle  line, 
forming  the  median  fillet,  the  other  lying  dorsal  to 
the  superior  olive   and  known   as  the  ^ateroX   ^lleX., 
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The  fibres  of  the  median  fillet  are  derived  originally 
from  the  nuclei  of  the  funiculi  gracilis  and  cuneatus 
as  well  as  from  the  nuclei  of  the  vagus,  glasso- 
pharyngeal,  and  vestibular  nerve.  The  lateral  fillet 
probably  originates  (1)  from  fibres  of  the  trapezium, 
passing  from  the  ventral  acoustic  ganglion  of  the 
opposite  side  and,  therefore,  connected  with  the 
cochlear  root  of  the  eighth;  (2)  from  the  superior 
olives  on  both  sides  and,  higher  up,  from  a  collection  of 
cells  in  the  course  of  the  lateral  fillet,  known  as  the 
nucleus  of  the  lateral  fillet ;  (3)  from  longitudinal  fibres 
lying  against  the  superior  olive,  which  increase  in 
number  on  proceeding  upwards;  (4)  possibly,  from 
fibres  derived  from  the  striae  acusticse,  which  have 
passed  ventrally  into  the  tegmentum  and  turned  into 
the  tract  of  the  fillet. 

The  fons  proper  is  made  up  of  numbers  of 
transverse  fibres  passing  laterally  from  the  middle 
peduncles  of  the  cerebellum  on  one  side  to  that 
on  the  other.  In  crossing  ventrally  upon  what  is  the 
continuation  of  the  substance  of  the  bulb  these  fibres 
divide  the  pyramids  into  groups  of  longitudinal  fibres. 
The  more  dorsal  of  these  transverse  fibres  (those 
lying  immediately  adjacent  to  the  upward  con- 
tinuation of  the  formatio  reticularis)  are  known 
by  the  special  name  of  the  trapezium.  Amongst  the 
transverse  fibres  of  the  pons  are  numerous  scattered 
masses  of  grey  matter  with  which  many  of  the 
longitudinal  fibres  become  connected. 

194.  The  reg^lon  of  the  posterior  corpora 
quadrig^emina  and  upper  part  of  the  pons. 

— The  first  section  taken  is  immediately  below  (distal) 
the  posterior  corpora  quadrigemina.  The  fourth 
ventricle  has  here  narrowed  to  form  the  commence- 
ment of  the  aqueduct  of  Sylvius.  Surrounding  the 
channel  is  the  ependyma  enveloped  on  all  sides  by 
a  considerable   thickness   of  grey   matter.     In  that 
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portion  lying  on  the  ventral  side  niay  be  seen  masses 
of  cells  forming  the  commencement  of  the  nuclei  of 


Odla  liiiD,  ■»  Uia  ■upFrfrn-  cenbelhr  pcduaslai  ar  tmibia  ceBjuutlvn. 

e  urai  fncliuM  ImveH  tbdr  iDwar  lulTti  tiimt  Ibf  HwtnmiiB.   Tba 

qimdTnnlar  tvnn  \itViw  \  ji  Elie  BjIthb  Hqiiv4iii:l.  DKumtiiiv  ii  Jo£ 
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the  fourth  nerve.     Lying  again  venti'al  to  thin  gitiy 
matter  are  two  prominent  longitudinal  liULwiW,  1^ 
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either  side  of  the  middle  line,  tapering  towards  the 
lateral  region.     These  are  the  posterior  longitudinal 
bundles.     Near  the    lateral   tapering   end    of    these 
bundles  may  be  seen  the  descending  root  of  the  fifth 
nerve,    separated    by    a    mass  of  cells   forming   the 
substantia  ferruginea    or  locus  coeruleus.     Lying  to 
the   median  side   of  the   root   of  the   fifth  may   be 
seen  bundles  of  white  fibres  passing  into  the  superior 
medullary  velum  or  valve  of  VieussenSj  decussating 
here  (Fig.    147)  and  issuing  laterally  as  the  fourth 
nerve.     Lying  again  ventral ly  and  laterally   to  the 
posterior   longitudinal  bundles,   and   separated  from 
them  by    what    is  an   upward   continuation    of   the 
reticular  formation,    are   the   upward   prolongations 
of     the    superior     cerebellar    peduncles    or    brachia 
conjunctiva.      There  at   the   level   of   the   nuclei   of 
the  fifth  nerve,  in  section,  two  semicircular  masses 
lie   immediately  lateral    to    the  side    of   the   fourth 
ventricle.      Passing   upwards,   they    gradually   take 
a    more    ventral   position    till,    as    in    the    present 
section,  they  commence  to  fuse  in  the  middle  line. 
At  a  short  distance  externally  and  ventrally  to  the 
superior   cerebellar   peduncle   is   seen    another  band 
of  longitudinal  fibres.     This  band  is  of  considerable 
thickness  between  the  peduncle  and  the  lateral  surface, 
then  passing   ventrally    it   narrows    somewhat,   and 
widens  again  to  a  fairly  broad  band  lying  on  the  dorsal 
side  of  the  pons  proper.      This  is  the  fillet  or  lem- 
niscus,  the  lateral  portion  with  nerve  cells  forming 
its  nucleus  being  the  lateral  fillet,  that  portion  lying 
adjacent  to  the  pons  being  the  median  fillet,   Ventrally 
to  this  again  is  the  substance   of  the   pons  proper, 
having  the  characters  described  in  S  193. 

A  section  slightly  higher  would  pass  through  the 
posterior  corpora  quadrigemina.  Here,  there  would 
appear  two  protuberances,  dorso  -  laterally  to  the 
^gueduct     The  lateral  fillet  forms  connections  with 
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these  bodies.  The  pons  proper  is  here  somewhat 
smaller,  the  upper  limit  being  approached.  The  two 
superior  cerebellar  peduncles  gradually  lessen  in  width, 
their  lateral  extensions  disappearing  by  degrees.  The 
nucleus  of  the  fourth  nerve  consists  of  a  mass  of  large 
multipolar  cells  lying  in  the  grey  matter  on  the 
ventral  side  of  the  aqueduct  and  near  the  middle  line, 
and  reaching  from  the  upper  to  almost  the  lower 
extremity  of  the  posterior  corpora  quadrigemina. 
The  fibres  from  these  cells  take  a  somewhat  oblique 
backward  course  to  the  lower  limit  of  the  posterior 
corpora  quadrigemina  where  they  decussate,  as  already 
described.  In  the  region  of  the  posterior  corpora 
quadrigemina  the  posterior  longitudinal  bundle  is 
very  prominent.  The  basal  ends  of  the  ependyma 
lining  the  aqueduct  are  frequently  continued  into  a 
set  of  fine  fibres  which  pass  through  the  grey  matter 
(and  even  beyond)  and  give  a  radially  striated 
appearance  to  the  region  adjacent  to  the  aqueduct. 

195.  The  region  of  the  anterior  corpora 
quadrigemina  and  the  crura  cerebri. — 
At  this  level  (Fig.  148)  the  pons  has  disappeared, 
and  its  position  is  occupied  by  two  well-marked 
protuberances  on  the  ventral  side,  spoken  of  as 
the  crura  cerebri.  Lying  dor  sally  to  the  crus  on 
each  side  is  a  broad  band  of  black  pigmented 
cells,  forming  the  substantia  nigra.  The  grey 
matter  around  the  aqueduct  is  considerable,  the 
posterior  longitudinal  bundle  is  somewhat  less  con- 
spicuous than  below  and  forms  a  narrow  band 
lying  at  the  ventral  edge  of  the  central  grey  matter. 
Large  nerve  cells  lie  in  the  ventral  portion  of  this 
grey  matter,  forming  the  nuclei  of  the  third  nerve,  the 
fibres  of  which  can  be  seen  passing  ventrally  in  many 
bundles.  In  the  middle  line  between  these  roots 
a  well-marked  raphe  is  visible.  Lying  midway 
between  the  central  grey  matter  awd  t\\^-  '?.\3\^'i?X.'5iXN^x^ 
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I   a   large   mass  of  cells,    known   as   the  red 

In  man  this  nucleus  consists  of  cells  vary- 

size  from  20-75^.      These  nuclei  have  some 
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connection  with  the  superior  cerebellar  peduncles, 
which  terminate  here  in  their  upward  course. 
Laterally,  the  fillet  is  seen  passing  dorsally  towards 
the  prominent  anterior  corpus  quadrigeniinum.  A 
small  portion  of  the  hrachium  of  the  latter  may  also 
be  seen.  The  upward  continuation  of  the  reticular 
formation  corresponds  to  the  mass  between  the  ventral 
aspect  of  the  central  grey  matter  and  the  substantia 
nigra,  and  is  called  the  teymeyituni.  The  locus 
coeruleus  is  no  longer  seen,  but  the  descending  fifth 
is  still  apparent. 

Structure  of  tJte  anterior  corpus  quadrigeirninum. 
Externally  there  is  a  thin  layer  of  white  matter  about 
30-40^  in  thickness.  This  is  known  as  (a)  the 
stratum  zonale.  The  white  fibres  in  this  layer  pass 
through  the  superior  brachium  from  the  optic  tracts. 
From  the  layer  many  fibres  enter  the  inner  layers, 
and  in  them  form  dendritic  ramifications.  (6)  The 
stratum  cinereicm.  In  this  layer  are  numerous  cells, 
whose  neuraxons  pass  inwards,  (c)  The  stratum  albo- 
cinereum  externum.  This  layer  contains  numerous 
small  and  large  cells  and  nerve  fibres.  The  nerve 
fibres  enter  the  layer  largely  from  the  optic  tract  by 
the  superior  brachium.  A  considerable  amount  of  de- 
cussation of  these  fibres  occurs  on  the  median  side  with 
those  of  the  opposite  corpus  quadrigeminum  anterius. 
(d)  The  stratum  albo-cinereum  internum.  {Stratum 
lemnisci.)  This  layer  is  subdivided  into  three  minor 
layers  :  (a)  the  fillet  layer,  formed  from  a  continua- 
tion of  the  dorsal  part  of  the  median  fillet  and  from  the 
lateral  fillet ;  {fi)  a  layer  of  grey  matter ;  (y)  a  layer 
of  arched  fibres  bordering  the  central  grey  matter 
and  decussating  in  the  middle  line.  All  these  layers 
are  pervaded  by  radial  fibres  passing  from  the  central 
grey  matter. 

The  oj)tic  lobes  of  birds  have  been  more  fully 
examined   as   regards   the   various   layers  and  their 
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connections.  Different  authors  divide  these  structures 
in  various  different  layers.  Adopting  Kolliker's 
description,  a  vertical  section  may  be  regarded  as 
showing — (1)  a  superficial  layer  of  fibres  from  the  optic 
tract ;  (2)  and  (3)  layers  of  grey  matter  or  molecu- 
lar layers :  in  (2)  the  optic  nerve  fibres  form  their 
dendritic  ramifications ;  (4)  a  layer  of  white  fibres 
arranged  in  a  kind  of  lattice  work  ;  (5)  an  inner  layer 
of  white  fibres  in  which  course  the  cerebral  visual 
fibres ;  (6)  a  layer  of  grey  matter  lying  against  the 
ependyma  of  the  ventricle  of  the  optic  lobes.  The 
connections  of  the  cells  and  fibres  of  this  layer  have 
been  established  by  Golgi's  method  by  Ramon  y  Cajal 
and  V.  Gehuchten. 

In  the  corpora  quadrigemina  important  con- 
nections are  made  by  the  fillet  fibres.  Some  of  these 
connections  have  already  been  referred  to  (i$193).  The 
fillet  fibres  in  their  upward  course  give  off  collaterals 
which  ramify  or  actually  terminate  themselves  in  the 
cells  of  the  nucleus  of  the  lateral  fillet.  Many  of  the 
fillet  fibres  terminate  in  dendritic  ramifications  in 
the  cells  of  the  posterior  corpora  quadrigemina,  many 
others  pass  into  the  anterior.  The  cells  of  the  lateral 
nucleus  originate  fibres  which  pass  possibly  towards  the 
cerebrum;  some, ho wever, descend  towards  the  superior 
olive.  Some  of  the  fibres  entering  both  corpora 
quadrigemina  decussate  dorsally  and  pass  to  the 
opposite  corpora.  There  may  also  be  some  connection 
amongst  the  fillet  fibres  with  those  of  the  superior 
cerebellar  peduncle. 

The  nucleus  of  the  third  nerve  has  been  described 
as  consisting  of  many  various  groups  of  cells.  It  is  to 
be  regarded  as  mainly  one  nucleus,  extending  through 
the  whole  length  of  the  anterior  corpus  quadri- 
geminum  and  somewhat  above  it.  It  consists  of  a 
main  mass  with  two  less  distinct  masses  :  a  dorso- 
lateral   with    large    cells,  and    a   dorso-median    with 
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smaller  cells.  At  its  cerebral  end  there  is  a  central 
mass  having  large  cells.  It  has  been  suggested  that 
the  dorso-median  group  of  small  cells  supplies  the 
internal  muscles  of  the  eye  (sphincter,  ciliary).  The 
nucleus  is  presumably  connected  with  the  pyramidal 
tracts.  Arborescences  around  cells  of  the  third 
nucleus  are  to  be  seen  in  new-born  animals,  and  the 
fibres  forming  them  may  be  followed  to  the  raphe, 
crossing  here  and  coursing  ventrally.  Connections 
also  exist  with  the  posterior  longitudinal  bundle. 
This  bundle  is  to  be  regarded  as  the  upward 
continuation  of  part  of  the  anterior  column  of  the 
cord,  forming  short  longitudinal  commissures.  It  is 
associated  with  the  hypoglossal  nucleus,  those  of  the 
vago-accessory,  the  fifth  and  the  acoustic  (vestibular 
branch).  Connections  also  exist  with  the  sixth, 
fourth,  and  third  nuclei.  The  posterior  longitudinal 
bundle  furnishes,  therefore,  commissural  connections 
between  the  different  eye  muscles.  Connections 
of  the  third  nucleus  also  exist  with  the  optic 
nerves. 

The  hrachia  passing  to  the  corpora  quadrigemina 
are  spoken  of  as  the  superior  or  anterior  and  the 
inferior  or  posterior.  The  fibres  of  the  superior  pass 
to  the  lateral  corpus  geniculatum  and  to  the 
occipital  tract.  The  fibres  of  the  inferior  brachium 
are  connected  with  the  median  corpus  geniculatum 
and  possibly  may  pass  through  the  tegmentum  by 
the  internal  capsule  to  the  temporal  region. 

That  portion  of  a  transverse  section  through  the 
region  of  the  corpora  quadrigemina  which  projects 
ventrally  into  the  two  crura  is  sometimes  spoken 
of  as  the  cricsta,  being  separated  from  the  remainder 
(tegmentum)  of  the  region  ventral  to  the  aqueduct  by 
the  substantia  nigra.  The  crusta  contains,  in  addition 
to  the  fibres  derived  fnmi  the  pyramids  which  occupy 
a  central  portion  in  each   crus,  otb^Y  ^t^^  (i^^\N^^ 
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from  the  pons.  Those  on  the  median  side  pass  to 
the  frontal  region,  those  on  the  lateral  portion 
to  the  temporal  and  occipital  regions.  Some  fibres 
on  the  median  side  are  derived  from  the  median 
fillet. 
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CHAPTER  XIX. 

THE  CEREBRUM  AND  CEREBELLUM. 

196.  The  structure  of  the  dura  mater,  araclinoidea, 
and  pia  mater  of  the  brain  is  similar  to  that  of  the 
same  membranes  of  the  cord. 

As  has  been  shown  by  Boehm,  Key  and  lletzius, 
and  others,  the  deeper  part  of  the  dura  contains 
peculiar  ampullated  dilatations  connected  with  the 
capillary  blood-vessels,  and  forming  in  fact  the  roots 
of  the  veins. 

The  glandalce  Pacchioni,  or  arachnoidal  villi  of 
Luschka,  are  composed  of  a  spongy  connective  tissue, 
prolonged  from  the  sub-arachnoidal  tissue  and  covered 
with  the  arachnoidal  membrane.  These  prolongations 
are  pear-shaped  or  spindle-shaped,  with  a  thin  stalk. 
They  are  pushed  through  holes  of  the  inner  part  of 
the  dura  mater  into  the  venous  sinuses  of  this  latter, 
but  are  covered  with  endothelium.  Injected  material 
passes  from  the  sub-arachnoidal  spaces  through  these 
stalks  into  the  villi.  The  spaces  of  their  spongy 
substance  become  thereby  filled  and  enlarged,  and 
finally  the  injection  matter  enters  the  venous  sinus 
itself.  The  pia  cerebralis  is  very  rich  in  blood-vessels, 
like  that  of  the  cord,  which  pass  to  and  from  the 
brain  substance.  The  capillaries  of  the  pia  mater 
possess  an  outer  endothelial  sheath.  The  plexus 
choroideus  is  covered  with  a  layer  of  polyhedral 
epithelial  cells,  which  are  ciliated  in  the  embryo  and 
in  the  young  subject. 

197.  As  was  mentioned  of  the  cord,  so  aUo  vw^W 
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brain  the  subdural  lymph  space  does  not  commu- 
nicate with  the  sub-arachnoidal  spaces  or  with  the 
ventricles  (Luschka,  Key  and  Retzius).  Nor  does 
there  exist  a  communication  between  the  sub- 
arachnoidal space  and  a  space  described  by  His  to 
exist  between  pia  mater  and  brain  surface,  but 
doubted  by  others.  The  relations  between  the  cere- 
bral nerves  and  the  membranes  of  the  brain  and 
the  lymph  spaces  of  both,  are  the  same  as  those 
previously  described  in  the  case  of  the  cord  and 
the  spinal  nerves. 

The  pia  mater  passes  with  the  larger  blood-vessels 
into  the  brain  substance  by  the  sulci  of  the  cerebrum 
and  cerebellum. 

In  the  white  and  grey  matter  of  the  brain  we  find 
the  same  kind  of  supporting  tissue  that  we  described 
in  the  cord  as  neuroglia.  In  the  brain  also  it  is 
composed  of  a  homogeneous  matrix^  of  a  network  of 
neuroglia  fibrils,  and  of  branched,  flattened  neuroglia 
cells,  called  Deiters^s  cells. 

In  the  white  matter  of  the  brain  the  neuroglia 
contains  between  the  bundles  of  the  nerve  fibres 
rows  of  small  nucleated  cells ;  these  form  sj)ecial 
accumulations  in  the  bulbi  olfactorii,  and  in  the 
cerebellum.  Lymph  corpuscles  may  be  met  with 
in  the  neuroglia,  especially  around  the  blood-vessels 
and  ganglion  cells. 

All  the  ventricles,  including  the  aqueductus  Sylvii, 
are  lined  with  a  layer  of  neuroglia,  being  a  direct 
continuation  of  that  lining  the  fourth  ventricle, 
and  this  again  being  a  direct  continuation  of  the 
central  grey  nucleus  of  the  cord.  Like  the  central 
canal  of  the  cord,  also,  the  ventricles  are  lined 
with  a  layer  of  ciliated  columnar,  or  short  columnar 
epithelial  cells. 

The  blood-vessels  form  a  denser  capillary  net- 
work in  the  grey  than  in  the  white  matter ;  in  the 
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latter  the  network  is  pre-eminently  of  a  longitudinal 
arrangement,  i.e.  parallel  to  the  long  axis  of  the 
bundles  of  the  nerve  fibres.  In  the  grey  cortex  of 
the  hemispheres  of  the  cerebrum  and  cerebellum, 
many  of  the  capillary  blood-vessels  have  an  ari*ange- 
ment  vertical  to  the  surface,  but  are  connected 
with  one  another  by  numerous  transverse  branches. 

The  blood-vessels  of  the  brain  are  situated  in 
spaces,  perivascular  lymph  spaces,  traversed  by  fibres 
passing  between  the  adventitia  of  the  vessels,  and 
the  neuroglia  forming  the  lK)undary  of  the  space. 
There  are  no  separate  lymphatic  vessels  in  the  grey 
or  white  substance. 

198.  The  white  matter  consists  of  meduUated 
nerve  fibres,  which  like  those  of  the  cord  possess  no 
neurilemma  or  nuclei  of  nerve  corpuscles,  and  no 
constrictions  of  Ranvier.  The  nerve  fibres  are  of 
very  various  sizes,  according  to  the  locality.  Divisions 
occur  very  often.  When  isolated  tJie  fibres  show  the 
varicosities  mentioned  in  the  cord. 

The  grey  matter  consists,  like  that  of  the  cord 
and  medulla,  of  a  basis  of  neuroglia  in  which  are 
embedded  nerve  cells.  The  dendritic  ramifications 
from  the  nerve  cells,  with  medullated  and  non- 
medullated  nerve  fibres,  form  a  large  proportion  also 
of  the  grey  matter. 

With  regard  to  the  structure  of  the  ganglion  cells 
of  the  brain  and  medulla,  what  has  been  mentioned 
of  the  ganglion  cells  of  the  cord  holds  good  as  to 
them.  Like  the  former,  those  of  the  medulla  and 
brain  are  situated  in  pericellular  lymph  spaces 
(Obersteiner). 

199.  We  now  proceed  to  consider  in  detail  the 
structure  of  the  different  parts  of  the  cerebellum  and 
cerebrum. 

The  eerebellani  is  composed  of  laminated  folds, 
or   convolutions,  and  these   a^am  ^tt^  cwx\\w^^\  's^ 
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secondary  folda,  each  of  whicli  consists  of  a  central 
tract  of  white  matter  covered  with  grey  matter.  The 
tracts  of  white  matter  of  neighbouring  convolutions  of 
one  lobe  or  division  join,  and  thus  form  the  piincipal 
tracts  of  white  matter. 

The  white  matter  of  the  cerebellar  hemisphere  is 


connected  (a)  with  the  medulla  oblongata  by  the 
corpus  restiforme,  tliis  forming  the  inferior  peduncle 
of  the  cerebellum ;  (6)  with  the  cerebrum  by  the 
processus  cerebelli  ad  cerebrum,  this  forming  the 
superior  peduncle  ;  and  (c)  with  the  other  cerebellar 
hemisphere  by  the  tracts  connecting  with  the  pons 
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varolii ;  these  are  the  pedunculi  cerebelli  ad  pontem, 
or  the  middle  peduncles. 

200.  On  a  vertical  section  through  a  lamina  of  the 
cerebellum  (Fig.  149),  the  following  layera  are  seen:  (a) 
the  pia  mater  covering  the  general  surface,  and  pene- 
trating with  the  larger  blood-vessels  into  the  superficial 
substance  of  the  lamina  ;  (6)  a  thick  layer  of  cortical 
grey  matter ;  (c)  the  layer  of  Purkinje's  ganglion 
cells ;  (d)  the  nuclear  layer  ;  and  (e)  the  centi-al  white 
matter. 

201.  The  layer  of  ganglion  cells  of  Purkinje  is 
the  mcst  interesting  layer ;  it  consists  of  a  single  row 
of  large  multipolar  ganglion  cells,  each  with  a  large 
vesicular  nucleus.  Each  possesses  also  a  thin  axis- 
cylinder  process,  directed  towards  the  depth,  the 
cell  sending  out  in  the  opposite  direction — i.e,  towards 
the  surface — a  thick  process  which  soon  branches 
like  the  antlers  of  a  deer,  the  processes  being  all  very 
long-branched  and  pursuing  a  vertical  course  towards 
the  surface  ;  sooner  or  later  they  all  break  up  into 
the  tine  nervous  network  of  the  grey  cortex.  The 
longest  processes  reach  near  to  the  surface.  The 
layer  (6)  above  mentioned — i.e.  the  cortical  grey 
matter — is  in  reality  the  terminal  nerve  network 
for  the  branched  processes  of  the  ganglion  cells  of 
Purkinje.  San  key  maintained,  before  the  adoption  of 
more  modem  methods  of  research,  that  in  the  human 
cerebellum  there  are  also  small  multipolar  ganglion 
cells  connected  with  the  processes  of  Purkinje's  cells. 

202.  The  connections  and  distributions  of  the 
different  cells  of  the  cerebellum  have  been  exhibited 
to  a  considerable  extent  by  the  labours  of  observers 
who  have  followed  the  methods  of  Golgi.  A 
scheme  of  the  main  points  on  these  results  is 
shown  in  Figs.  150  and  151.  Fig.  150  indicates 
the  appearance  represented  in  a  section  across  a 
lamina.   Fig.   151  corresponds  to  ^  ^^c^Xaqtx  V^^'o^  *^^ 
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the  direction  of  fi  lamina.  Considering  the  cells  of 
Purkinje  first,  they  are  seen  to  possess  a  very 
extensive  dendritic  lamification,  viewed  trans Nersely, 


f^rln««j™i 


passing  through  the  wliole  thickness  of  the  molecular 
layer,  aa  the  cortical  grey  matter  is  sometimes  called. 
This  ramification  is  lesa  extensive  viewed  in  the  longi- 
tudinal section  of  a  lamina  (Fig.  150).    The  n 
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passes  through  the  nnclear  layer  obliquely,  giving  off 
collaterals  which  to  some  extent  re-enter  the  molec- 
ular layer,  then  the  axon  passing  from  the  nuclear 
layer  enters  the  central  white  matter.  There  are  also 
seen  in  the  molecular  layer  other  fairly  conspicuous 


cells  (»('),  which  are  termed  backet  cdh.  These  cells 
have  dendrites  which  ramify  amongst  those  of  the 
Furkinje's  cells,  and  a  neuraxon  which  gives  off 
■collaterals,  and  these  tigain  form  arboresceiices  around 
the  Purkinje  cells.  Other  smaller  cells  (m)  have 
processes  all  of  which  i-aniify  in  the  neighbourhood  of 
the  cell.  On  the  border  line  between  the  nuclearand 
molecular  layers  may  be  seen  large  iwuIUy^W;  i:^^'*. 
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(sometimes  spoken  tf  »a  Oolgi's*  cells),  which  exhibit 
a  dendritic  ramification  in  the  nuclear  layer,  and  in 
which  tlie  neuraxon,  on  entering  the  molecular  layer, 


divides  up  not  far  from  the  main  cell.  In  the  nuclear 
layer  are  numerous  small  cells  (i/r),  the  dendrites 
dividing    very    near    to    the    cells,    the    netiraxons, 

•  Though  referred  to  frequently  as  "criia  of  Gulgi,"  theie 
fcre  more  correctly  deacnbeJ  as  "ff?/«  aftht  trcinil  tr/pe  ofGolgi." 
Some  authors  use  the  term   "cella  of  (jolgi"  to  refer  to  neu- 
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however,  pass  into  the  molecular  layer  and  bifurcate 
longitudinally  (Fig.  150)  at  various  levels.  The  so- 
called  **  molecular  "  condition  of  the  cortical  grey  matter 
is  largely  due  to  the  appearance  of  these  fibres  being 
cut  across  as  well  as  to  the  sections  of  the  processes 
of  the  cells  of  Purkinje.  The  central  white  matter 
shows  other  fibres  than  those  representing  the 
neuraxons  of  the  Purkinje  cells  (Fig.  151),  One  set 
of  these  terminate  in  arborescent  tufts  in  the  nuclear 
layer,  and  are  referred  to  as  moss  fibres  {/),  Another 
set  pass  into  the  molecular  layer  and  break  up  on 
connection  with  the  dendrons  of  the  cells  of  Purkinje. 
These  are  spoken  of  as  tendril  fibres.  These  two 
sets  of  fibres  are  to  be  regarded  as  conducting  to  the 
grey  matter  of  the  cerebellum.  In  addition  to  the 
proper  nerve  cells  already  described,  may  be  seen 
neuroglia  cells  (gl).  These  are  also  present  in  the 
central  white  matter  (Fig.  152). 

203.  The  structure  of  the  cerebral  con- 
volutions in  g^eneral. — In  a  vertical  section 
through  a  cerebral  convolution  one  is  able  to  see  with 
the  naked  eye  a  central  core  of  white  matter  sur- 
rounded by  a  cap  of  grey  or  reddish-grey  matter, 
which  again,  on  careful  observation,  can  be  seen  to 
consist  of  several  alternate  strata  of  lighter  or 
darker  substance.  The  exact  appearance  of  these  dif- 
ferent layers  varies  in  different  parts  of  the  cerebral 
hemispheres. 

In  general,  a  vertical  section  of  a  convolution 
shows  three  main  layers  :  (1)  a  superficial  molecular 
layer,  (2)  a  layer  of  pyramidal  cells,  (3)  a  layer  of 
polymorj)hous  cells.  These  layers  are  subdivisible  into 
several  others  in  different  parts  of  the  hemispheres 
(Fig.  153). 

204.  IStructure  of  the  cerebral  convolu- 
tions in  the  region  of  the  Rolandic  fissure. — 
In  this  region  one  can  distinguish  six  layers,  showm% 
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different  characters.  Superficially  is  the  stratum 
zonale  or  molecular  layer  (a),  then  the  outer  layer  of 
small  pyramidal  cells  (6),  then  (c)  the  outer  layer  of 
large  pyram,idal  cells,  followed  hy  (d)  the  inner  layer 
of  small  pyramidal  cells,  then  (e)  the  inner  layer  of 
large  pyramidal  cells,  and,  adjacent  to  the  white 
matter  {f),  the  layer  of  polymorphous  cells.  These 
cells  are,  to  some  extent,  separated  into  vertical 
columns  by  intercolumnar  bundles  of  nerve  fibres. 
There  are  also,  running  horizontally,  following  the 
contour  of  the  gyrus,  other  more  or  less  defined 
bundles  of  fibres.  Some  of  these  run  in  the  super- 
ficial molecular  layer ;  two  other  bands  are  disposed 
tangentially,  in  the  pyramidal  cell  layer,  the  more 
superficial  being  the  band  of  Vixjq  d'Azyr  or  Gennari, 
the  deeper  that  of  Baillarger.  In  general,  the 
neuraxons  of  the  cells  descend  towards,  and  finally, 
pass  into  the  white  matter  (Fig.  154).  There  are 
some  cells  in  the  cortex  which  do  not  conform  to 
this  rule.  Amongst  the  pyramidal  cells  may  be 
found  cells  known  as  Martinotti's  cells,  from  which 
the  neuraxons  ascend  towards  the  superficial  molec- 
ular layer.  Cells  known  as  Golgi's  cells  are  also 
to  be  found,  with  neuraxons  passing  towards 
the  surface  and  dividing  up  not  far  from  the 
cell.  The  general  relation  of  the  different  cells  and 
fibres  is  shown  in  the  accompanying  scheme  (Fig.  154) 


Description  of  Fig.  154  (p.  245). 

Fig.  154. — Scheme  of  the  Connection  of  the  Cells  of  the  Cerebral  Cortex. 

{After  KoUiker.) 

PjiPa.  Smaller  and  larger  pyramidal  cells,  the  neuraxons  pas&ing  downwards 

on  their  way  to  the  inner  capsule  ;  Pg,  pyramidal  cells  forming  a  termination 

in  the  corpus  striatum  ;  at  level  M  a  cell  of  MartinoUi  with  neuraxon  passing 
upwards  and  terminating  in  stratum  zonalc  ;  at  level  G  a  (iolgi  cell  (2nd  order) 
with  much-branched  neuraxon  Immediately  above  it  ;  Ac,  as^uHation 
cell,  on  inner  side  of  G  is  a  cell  ((?c)  with  neuraxon  passing  into  corpus 
callosum  :  C.S.C.,  a  cell  of  corpus  striatum  with  neuraxon  passing  into  cortex  ; 
U.K..  a  lli)re  from  the  fillet  passing  up  into  the  cortex,  one  of  R4m6n  y 
CajaVB  Sbrcs;  Str.  zon.,  stratum  zonale,  or  superficial  white  layer. 


Fig.  1.05.— Pyramidal  Cell  of  the  Cortex  of  the  lUwvw,  \\.>f»  v*.q\\.  ^nvw 

numerous  collatera\a.    (^KolllVeT,  ll,> 
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from  Kolliker.  The  pyramidal  cells  have  a  conspicuous 
apical  process,  which  passes  vertically,  giving  off 
lateral  processes,  and  forms  a  system  of  dendrites  in 
the  superficial  molecular  layer.  Other  dendritic 
ramifications  occur  closer  to  the  cell  and  the  neuraxon 
passes  towards  the  white  matter,  giving  off  collaterals 
as  it  traverses  the  grey  substance  (Fig.  155).  Some  of 
the  pyramidal  cells  (Cc)  have  neuraxons  which  pass  to 
the  opposite  hemisphere  in  the  corpus  callosum,  and 
not  towards  the  inner  capsule,  through  which  a  large 
number  of  the  neuraxons  course.  Some  pyramidal 
cells  again  probably  have  their  neuraxons  ter- 
minating in  connection  with  cells  of  the  corpus 
striatum  (P^).  The  connections  of  a  cell  of  Marti- 
notti  are  seen  (M),  and  those  of  a  Golgi  cell  (G). 
Fibres  conducting  towards  the  cortex  are  repre- 
sented by  (1)  R^m6n  y  CajaPs  fibres  (R.F.),  passing 
from  the  fillet  and  subdividing  in  the  cortex  ; 
(2)  fibres  from  cells  of  the  corpus  striatum  (CS.C) 
passing  up  into  the  grey  matter  of  the  cortex  in  a 
similar  manner. 

205.  Structure  of  the  hippocampus  major 
and  the  fascia  dentata  (Fig.  156). 

The  hippocampus  as  it  projects  into  the  ventricle 
is  invested  beneath  the  ependyma  with  a  layer  of 
white  fibres  called  the  alvetcs.  Lying  against  the 
alveus  are  pyramidal  cells,  the  neuraxons  of  which 
pass  into  it ;  the  conspicuous  apical  process  passes 
through  a  large  ])ortion  of  the  thickness  of  the  hippo- 
campus, giving  it  a  radiate  appearance  (the  stratum 
radiatum),  and  forming  a  dendritic  ramification  above 
this  in  the  stratum  lacunosum.  Tracing  the  sub- 
stance of  the  hippocampus  towards  the  fascia  dentata, 
these  pyramidal  cells  become  less  conspicuous  and  are 
not  to  be  regarded  as  forming  any  definite  layer  in 
this  region.  The  fascia  dentata  has  externally  a 
superficial  layer  or  stratum  zonale.  iivio  ^\\\Ocv^^^^  *0»Si 
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dendritic  ramifications  of  a  layer  of  ani(dl  cells,  the 
Btratum  t/ranulosu-m.  From  these  small  cells 
neui-asons  pass  to  the  central  substance  of  the  fascia 


bctorj'uluiDei 


deiitata,  and  from  this  also  many  so  called  "mass 
fibres "  issue,  passing  to  the  granular  layer  {M/ 
and  Mf). 

206.  Structure  of  the  olTufMory  bulb  (Figs. 
157  and  158). — A  vertical  section  through  the  olfac- 
tory bulb  indicates  considerably  move  tleielo|nnent 
on  tlie  side  lying  against  the  cribriform  plate  than 
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on  the  dorsRl  side.     Passing  from  the  surface  lying 
on  the  ethmoid  bone,  one  can  make  out  the  following 

layers:  (1)  Bundles  of  olfactory  nerve  fibres;  (2)  the 
zone  of  olfactory  glomeruli  ;  (3)  a   layer  pervaded 


dsys  old.    {Highly 


by  many  irregular  fibres,  giving  it  tlie  character  of 
a  molecular  layer,  and  containing  the  so-called  mitral 
nerve  cells;  (4)  a  nuclear  layer  composed  of  small 
cellM  ;  (0)  a  layer  of  longitudinal  nerve  fibres ;  (6) 
the  neuroglia  forming  the  central  sulistoAVift,     "i-V* 


252  Elements  of  Histology, 

connection  of  these  mitral  cells  is  indicated  in  Figs.  157 
and  158,  One  or  two  processes  pass  horizontally  and 
an  axis-cylinder  process  passes  through  the  nuclear 
layer  towards  the  layer  of  longitudinal  nerve  fibres. 
One  conspicuous  process  passes  towards  the  glomeruli 
and,  entering  one  of  the  masses,  forms  a  dendritic 
clump.  Similarly  axons  from  the  olfactory  cells  in  the 
nose  pass  to  these  glomeruli  and  form  dendritic  clumps. 
These  glomeruli  are  definite  localities  where  connec- 
tions are  established  between  cells  of  the  olfactory 
bulb  and  the  olfactory  mucous  membrane. 


CHAPTER  XX. 

THE  CEREDBO  SPINAL   GANGLIA. 

207.  The   ganglia   connected  with  the  posterior 
roots    of  the   spinal  i  ervet    and  w  th    some    of  the 

roots    of    the  i 
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generallj'  diHpOKcd  about  the  cortical  part,  whereas 
the  centre  of  the  ganglia  is  chiefly  occupied  by 
bandleH  of  nerve  fibres. 

208.  The  ganglion  cells  ditFerverr  greatly  ii 


iMHne  being  iis  big,  and  bigger,  tliiin  a  large  multipolar 
j[0iii(;1ioncellof  theaiiteriorhornof  tliecord.othci'smuch 
Hniallirt"  (Fig.  102).  Ejich  cell  has  a  large  oval  nucleus, 
including  a  network  with  one  or  two  large  nucleoli. 


Ckrebro-spinal  Ganglia. 


ass 


Its  substance  show<<  a  distinct  fibrillation  Kacli  cell 
of  thespioal  ganglia  in  man  and  mammals  la  un%polar 
(Fig  162),  flask  or  pearshaped,  and  ln^e3ted  in  a 
hyaline  capsule,  lined  with  a  more  or  leas  continuous 


mOnnijl    I 


layer  of  nucleated  endothelial  cell  platet.  The  single 
process  of  the  ganglion  cell  is  finely  and  longitudi- 
nally striated,  and  is  an  axis-cylinder  process.  Im- 
mediately after  leaving  the  cell  body  it  is  much 
convoluted  (Retzios) ;  it  is  then  covei'ed  with  a 
medullary  sheath,  and  so  becomes  a  medullated  nerve 
fibre.  The  capsule  of  the  ganglion  cell  is  continued 
on  the  axis  cylinder  process,  and,  favtVev  oii,  tit^  ^\ft 
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medullated    nene    fibre,    aa    the    neurilemmft ;    the 
endothelial  platex  of  the  capsule  pass  into  the  nerve 


corpuscles  lining  the  neurilemma,  their  nunilwr  greatly 
diminishing  {Fig.  162). 

209.  In  the  rabbit  this  raedullated  neive  fibi-e  Ht 
ite  first  node  of  Ranvier,  which  is  not  nt  a  great  dis- 
tance from  the  ganglion  cell,  divides  into  two  medul- 
lated  nerve  fibres  in  the  shape  of  T ;    one    branch 
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passes  to  the  cord  as  a  posterior  root  fibre,  the  other 
to  the  periphery  (Fig.  163).  In  man,  this  T-shaped 
division  has  also  been  observed  by  Retzius,  but, 
though  highly  probable,  it  cannot  be  said  to  have 
been  actually  proved  that  in  rabbit  or  man  every 
axis-cylinder  process  shows  this  T-shaped  division. 
Retzius  observed  this  T-shaped  division  also  in  the 
Gasserian,  geniculate,  and  vagus  ganglia  in  man. 

The  ganglion  cells  are  not  unipolar  in  all  cerebral 
ganglia;  in  the  ciliary  and  optic  ganglia  there  are 
ganglion  cells  which  are  multipolar. 

210.  Numerous  ganglia  of  microscopic  size  are  to 
be  found  in  the  submaxillary  (salivary)  gland ;  they 
are  of  different  sizes,  and  are  in  reality  ganglionic 
enlargements  of  larger  or  smaller  nerve  bundles. 
Each  ganglion  is  invested  in  connective  tissue  con- 
tinuous with  the  perineurium,  and  the  ganglion  cells 
are  unipolar,  and  of  the  same  nature  as  those  described 
above,  each  cell  being  possessed  of  an  axis-cylinder 
process,  which  becomes  soon  a  nerve  fibre.  At  the 
back  of  the  tongue  there  are  similar  small  micro- 
scopic ganglia. 


K 


CJ I  AFTER    XXr. 

TIIK   SVMl'ATBETIC   BY8TEU. 


211.  TnK  Hym|iatlii!tic  nerve  branches  exactly  re- 
ilili'  lliii  ociTlii'o-Hpiiial  nerves  in  their  connective- 
I'Hltiii'iitM  (I'lii-,  jicri-,  and  endoneurium),  and 


FlK.  liiJ.-K>-iii]at1irtic  Kcrtcs.    <JffH>.) 

in  the  ari'ftngement  of  the  fi1irc>i  in  bund les  (Fig.  164,  a). 
Most  of  the  nerve  tilircs  in  tlie  Imndles  iire  non- 
niedullated  or  Keniak'H  fibres  (Fig.  1C4a),  each  Iwing 
au  axis    cylinder   invcHted    in   a   neui-ileniiiia,    with 
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oblong  nuclei  indicative  of  nerve  corpuscles  (Fig 
164,  b)  But  there  are  some  me<Iullated  nerve  fibres 
to  bf  met  with  m  eacli  bundle,  at  least,  of  the 
largei  ner^e  trunks.  These  in  some  cases  show 
the    mediiUary    sheath    more   or   less  discontinuou-*, 

cose  outline  (Fig  '^ 

164,  c)    owing  to  »     s**   -.        **  A' 

a     uniform      local  -.-.—'^ 

accumulation      of  **           ft    **^*'           > 

fluid     between    it  .■fc^       J»  \\^  ^..^       '  ^  J^ 

and  the  axis  cvl 

inder      The  small 


icioscopic 
of   neive 


hbres  possess  an 
endothelial  (pen  < 
neural)  sheath 
The  ainall  and 
large  branches 
always     form 

212  The  gan 

gtta  of  the  sjTn 
j>athotic  chain 
(Fig.  165)— lateral 
ganglia,  as  also  , 
the  further  sym- 
pathetic ganglia 
—the  collateral 
ganglia  like  the 
semilunar  and  the 

cardiac  ganglia,  nnd  the  peripheral  ganglia,  like  those 
on  and  in  the  abdominal  viscers,  are  microscopic 
in  size,  but  possess  in  a  general  way  the  siime  structure 
as  the  cerebro-spinal  ganglia.  The  ganglion  cells  are 
bipolar,  or  more  commonly  multipolar.      SucK  a.^'i  xkis. 


fX'^°9h™1n' 
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lopic  ganglionic  enlargements  on  many  of  the 
sympathetic  nerve  branches  in  the  thoi-acic  and 
abdominal  otgans 

They  occur  in  acme  organs  very  numerously^e  p' 
alimentary  canal 
urinary  bladder  (Fig 
1G6  anl  Fig  167) 
reap  ratory  organs 
salii  ary  glands — and 
are  of  all  sizes  from 
a  few  ganglion  cells 
placed  between,  or 
laterally  to  the  nervo 
tibres  of  a  small  bundle 
to  oval  sphenoal  or 
iiregularly  shaped 
masses  of  ganglion 
cells  1  laced  in  the 
course  of  a  large  nerve 
bundle  or  situated  at 
tl  e  point  of  anasto- 
mosis of  t«o  or  more 
nerie  brandies  (tiji 
167) 

213  The  ganglia 
in  connection  with  the 
plexuses  of  nerve 
branches  of  the  heart 
the  gangi  a  in  the 
plexus  of  non  n  edul 
laled  ner\e  hlies  (,x 
istin^  between  the 
longitudinal  and  cii 
cular  coat  of  thi  eiter 
nal  muse  lar  coit  in 
ple> 


the  alimentary  canal    known  as 
tericus   of  Auerbach    the  ganglia 


the  plej 


i  of 
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nerve  branches  ot  the  submucous  tissue  ii 
alimentary  canal  known  as  Mei^sners  plexus 
172)    the   ganglia   m  the  nervous   plexuses   i 


(Fg 


outer  wall  of  the  bladder,  jn  the  broncliial  wall,  and 
in  the  tiachea,  and  lastly  the  ganglia  in  connection 


!.>,.— siiisU  CnllfCtInn  nf  Q&ngliDn  CeUs  sloim  n  snii..,  „,„.. 
Syiiipithttli:  Nerve  Fibres  lu  the  Blsdiler  of  Bnbblt.    (AMai. 

with  the  nerves  supplying  the  ciliary  muscle  of  the 
eye,  all  belong  to  the  sympathetic  sjatevtv. 
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The  ganglion  cells  (Fig.  170)  are  of  very  different 
sizes,  each  possesaing  a  large  oval  or  spherical  nucleus 
with  one  or  two  nucleoli.  Their  shape  ia  spherical  or 
oval,  flask-shaped,  club-shaped,  or  pear-shaped;  they 


illlary  Gbiidof  Dof.  {.AWks. 


possess  either  one,  two  o       oeireelnu 
bi-,  or  multipolar.     The      II    s    n     st   I        a      ]    ule 
lined  with  nucleated      lis   botl    h    nj,  cont         1  o 
the   processes   as   neur  len  ma   and     e    e        pu    1 
respectively. 

214.  By  the   aid  of  Oolgi's  method  it  has  l.cen 
definitely  established  (Gn'  '    ^4niun  y  Cajal,  Retzius) 
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that,  like  the  ganglion  cells  in  the  cord,  the  cells  in 
the  ganglia  of  the  symptithetic  syntcii]  possess  one 
axis  -  cylinder  procesa,  axon  or  neuraxon,  which 
i  unrauiitied  (R&mfin  y  Cajal,  V&n  Oeliuchten, 


L.  Sala.  Von  Leuhossek,  Kiilliker),  though  sometimes 
it  is  possessed  of  nodoue  swellings  (Fig.  171).  It 
passps  into  the  periphery  as  a  non-me<lu  Hated 
tibre  (as,  for  iiist^nce,  the  non-medu Hated  fibres 
passing  from  the  lateral  ganglia  of  the  sym- 
p»tlietic  back  to  the  spinal  nerves  as  the  pity 
ramus  conimunicans) ;  or  as  a  medullated  tibre 
(as  for  instance,  the  niedullated  fibres  passing  fiom 
the   cilinry  ganglion   into   the   c\\\aT3  wecNc^,    "Yvv*. 
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posl-ganglimiic  fibres  oi  Langley  are  fibres  which 
originate  as  the  neuraxon  of  a  sympathetic  gan- 
glion   cell  (in    the    lateral,    collateral   or   jieripheral 


ganglia,  as  the  ( 


may  be),  and  hence  pass  into 
muscle  (wall  of 
intestine,  blood- 
vessels, the  viscem). 
The  ganglion  cells 
in  the  microscopic 
peripheral  ganglia 
are  also  nnutti  polar, 
although  there  oc- 
cur amongst  them 
bi-  and  unipolar 
cells  (RSmiin  y 
Cajal,  Dogiel,  Kol 
Kker). 

Besides      the 


FlK.  l-O.-Simiflllieti 


the  sympathetic 
ganglion  cells  pos- 
sess ramifying  pro- 
cesses —  dendrites, 
which  resolve  them- 
selves like  tliose  of 
the  cells  of  the  grey 
matter  of  the  cen- 
tral nervous  system 
into  fine  fibres, 
some  of  them  form- 


ing 


n>  distinct 

tions    or    denilrons 
{Fig.     171).       All 
interesting  relation  exists    between   the    metlullated 
nerve   fibres    which    pass   into  a    8yni|iat!ietic   gan- 
glion from  a  spinal  nerve  [motor  fibres  passing  from 
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anterior  roots,  as  also  sensory  fibres  from  t\iQ.  posterior 
roots  and  spinal  ganglia],  as,  for  instance,  those 
passing  from  the  moi' 
miinicantes  into  the 
lateral  and  farther 
into  the  collateral 
ganglia,  i.e.  the 
prm  - ganiflionic 
fibres  of  Langley ; 
these  tibres  ter- 
minate  {Van 
Gehuchten,  L. 

Salii,  Dogiel,  Von 
Lenliossek)  as  fine 
ramifications  be- 
tween and  around 
tbeganglioncells,or 
they  form  cnrioiis, 
more  or  less  dense, 
convolutions  and 
plexus  surrounding 
tlie  body  of  the 
ganglion       cell  — 

phxtts,  as  is  shown 
in  Fig.  173  (Kol- 
liker). 

215.      By     the 
observations   of  f 
Beale,AmoId,Axel, 
Key  and  Iletzius,  it 
was  known  that  in 

the  ganglion  cells  of  the  sympathetic  nerves  of  the 
frog,  the  ganglion  cell  substance  passes  on  asastraight 
neuraxon  which  continues  its  course  peripherally  as  a 
non-mef  hi  Hated  nerve  fibi-e  surrounded  by  a  nucleated 
slieath  or  neurilemma — continued  from  tl\«  'ia.-^'^ifc  ^A 


;e  MullijBlor  Qanglinn  Cell« 
Hon,  n.  From  the  GanKlioD 
ifDogoneilayoM.    {KillilirT, 
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the  ganglion  cell.  This  straight  process  is  entwined  by 
a  thin  spiral  fibre  which,  farther  away  from  the  body  of 
the  ganglion  cell,  is  a  medullated  fibre  ;  it  ramifies 
on   the  substance  of   the   ganglion    cell   (Fig.    174). 


Fig.  172.— Group  of  Ganp:lion  Cells  from  the  Plexus  of  Meissner  of  a  Puppy  ; 
amongst  the  in  a  Multipolar  and  several  Unipolar  Cells.    (KolVikerr^  II.) 


Arnold,  then  Ehrlich  and  further  Retzius  (the  last 
two  by  injection  of  methylene  blue  into  the  blood- 
vessels of  the  living  frog)  have  shown  this  spiral  fibre 
(stained  blue)  to  terminate  on  and  around  the  sub- 
stance of  the  ganglion  cell  as  an  arborisation ;  a 
condition  which  occurs  in  many  parts  of  the  central 
nervous  system  (anterior  grey  cornu,  cerebellum, 
sympathetic    ganglion    cells,    previously    mentioned, 
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etc.),  that  is  to  say,  the  iKxiy  of  a  ganglion  cell 
becomes  suiTounded  and  ensheathed  as  it  wt^re  by  a 
dendron  of  an  afferent  nerve  fibre,  the  difference  being 


Fig.  17S,-Cirennic*lliilar  Pit 
iipreiiiuinofCiiir. 


t.— Synipathotio  Ganglinn 
lolu'llatod   ilbrc.     {Keg  and 


tliat  in  tlie  .synipiktiietic  cells  of  the  frog  this  affei-ent 
(niedultat^'d)  fibre  entwines  as  tkn  spiral  fibre  the 
efferent  axon  (uon-niediilliit«d)  oi  t\\e,  ^aw^viw  c^^. 
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CHAPTER    XXII. 

GENERAL  CONSIDERATIONS  AS  TO  THE  ANATOMICAL 
CONSTITUTION  AND  NATURE  OF  THE  NERVOUS 
SYSTEM. 

216.  We  are  now  in  a  position  to  summarise  the 
general  structure  and  relation  of  the  constituent 
parts  of  the  nervous  system. 

The  nervous  system  consists  of  nerve  cells  or 
ganglion  cells  and  of  nerve  fibres — the  cells  forming 
the  centres,  the  fibres  the  conducting  paths.  The 
ganglion  cells  form  an  integral  part  of  the  central 
nervous  system — brain,  medulla,  and  cord — as  also  of 
the  ganglia  of  the  sympathetic  and  of  the  peripheral 
collections  and  special  nerve  end-corpuscles  in  the 
various  viscera  and  in  the  sense  organs.  The  nerve 
fibres,  on  the  other  hand,  are  all,  as  far  as  at  present 
known,  axons  or  neuraxons — that  is  to  say,  pro- 
longations of  the  substance  of  the  ganglion  cells  ;  by 
these  axons  near  and  distant  centres,  or  ganglion 
cells,  are  brought  in  relation  to  one  another,  as  also 
by  the  peripheral  terminations  of  the  axons  with 
muscles,  skin,  mucous  membranes,  glands,  etc.  The 
whole  nervous  system  may  be  considered  as  consisting 
of  a  collection  of  units  (Rjimon  y  Cajal),  each  such  unit 
being  called  a  neuron  (Waldeyer).  A  neuron,  then, 
is  a  ganglion  cell  with  all  its  processes,  axon  or  axons, 
and  dendrites — be  they  short  or  long — as  well  as  all 
the  ramifications  and  terminations  of  such  axons  and 
dendrites.       While    of   many    parts    of    the    nervous 
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system  the  constituent  units  or  neurons  are  under- 
stood and  traced  out,  there  are  other  parts  in  which 
the  constituent  neurons  have  not  been  as  yet  fully 
worked  out.  Of  the  former  it  has  been  established 
by  the  new  methods  that  the  older  theory  as  to 
anatomical  continuity  between  different  parts  of  the 
nervous  system — i.e.  the  units  or  neurons — is  not 
correct ;  but,  on  the  contrary,  that  the  processes 
(axons  as  well  as  dendrites)  of  one  ganglion  cell  form 
only  contact  with  those  of  others,  as  also  with  peri- 
pheral organs,  without  direct  continuity  (Fig.  175). 
Thus,  for  instance,  it  has  been  shown  that  there 
exists  no  direct  or  uninterrupted  continuity  between 
a  motor  (pyramidal)  ganglion  cell,  say  of  the  limb 
centres  in  the  grey  cortex  of  the  brain,  and  the  nerve 
fibres  which  terminate  as  motor  end-plates  or 
dendrons  in  the  muscles  of  the  limbs,  but  that  the 
whole  of  this  path  is  made  up  of  a  succession  or  citain 
of  neurons  or  units ;  and  similarly  beginning  with  a 
dendritic  nerve  termination  in  the  epithelium  of  the 
skin  of  the  limbs  up  to  the  arborising  termination  of 
nerve  tibres  in  the  sensory  centres  of  the  grey  cortex 
of  the  brain,  we  have  no  anatomical  continuity,  but  a 
succession  or  chain  of  units  or  neurons. 

In  each  case,  a  ganglion  cell  with  its  axon,  in- 
clusive of  its  collaterals,  and  its  dendrites,  is  possessed 
of  arborisations  or  dendrons  which  do  not  form  con- 
tinuity with,  but  are  only  in  close  contiguity  to,  the 
arborising  axons,  or  dendrites  respectively  of  another 
unit  or  neuron  (synapsis).  A  further  point  that 
has  been  established  is  this,  namely,  all  nerve  fibres, 
be  they  medullated  or  non-medullated,  afferent  or 
efferent  fibres,  be  they  of  a  relatively  short  course 
— e.q.  those  beginning  and  ending  within  the  central 
nervous  system — or  do  they  extend  ovei*  long  dis- 
tances like  those  passing  out  from,  or  passing  into, 
the  cord,   medulla,  and  brain  as  spinal  9*xvd.  ^^^\>coais. 
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nerves  respectively,  are,  in  reality,  axons  or  direct 
prolongations  of  the  substance  of  ganglion  cells, 
which,  after  a  longer  or  shorter  course,  terminate 
as  arborisations  or  dendrons  in  the  periphery  or  in 
the  central  nervous  system,  as  the  case  may  be. 

217.  We  will  illustrate,  by  selecting  a  few  from 
the  many  known  examples,  the  nature  and  extent 
of  such  neurons  : — 

(1)  A  motor  neuron  of  the  grey  cortex  cerebri  con- 
sists of  the  following  parts  (Fig.  175) :  (a)  the  cell  body 
of  a  pyramidal  ganglion  cell ;  (6)  its  dendrites,  with 
their  arborisations  in  the  grey  cortex ;  (c)  the  axon 
given  off  as  the  median  basilar  process  and  its  col- 
laterals becoming  medullated  nerve  fibres  of  the  white 
substance  of  the  cortex,  passing  further  through  the 
internal  capsule,  the  pons,  the  anterior  pyramidal 
tract  of  the  medulla,  the  direct  or  crossed  pyramidal 
tract  of  the  cord,  and  forming  the  final  arborisations 
or  dendrons  of  them  and  their  collaterals  in  the 
anterior  cornu  around  the  body  and  dendrites  of  the 
ganglion  cells  in  the  giey  mattei'  of  the  cord. 

(2)  A  motor  neuron  of  the  grey  anterior  cornu 
of  the  cord  consists  of  :  (a)  a  ganglion  cell  in  the 
anterior  grey  cornu  of  the  cord  ;  (6)  its  dendrites 
terminating  in  ftitu  as  arborisations  or  dendrons; 
(c)  the  axon  passing  out  as  a  medullated  nerve  fibre 
through  the  anterior  root,  and  furth(T  through  a 
spinal  nerve,  and  terminating  finally  in  the  periphery 
in  a  striped  muscle  fibre  as  a  dendron — i.e.  the  nerve 
end-plate. 

(3)  A  sensory  neuron  :  (a)  a  ganglion  cell  of  the 
spinal  ganglia  ;  (/>)  the  afferent  nerve  fibre — i.e.  the 
distal  portion  of  the  T-shaped  division  of  the  axon, 
coming  from  the  periphery — e.g.  the  skin — by  way  of 
a  medullated  nerve  fibre  of  a  spinal  nerve  ;  in  the  skin 
it  terminates  or  originates  either  in  or  around  special 
nerve  end-corp^scjes  or  as  ramifying  fibrilloe  in  the 


Op  the  Nervous  System. 


epithehum    of  the   surface ;  (c)  the   efferent  fibre — 
%e    the  pioximal  branch  of  the  axon  of  the  spinal 


ganglion  cell  passes  into  the  cord   as  a  medullated 
fi)ire  l)y  way  of  it  posterior  root  and  farther  into  tKe 
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posterior  white  column  ;   it  or  its  collaterals  finally 
enter  into  the  grey  matter  of  the  cord  or  pass  on  into 

the  nucleus  gracilis  of  the 
bulb,  terminating  as  dendrons 
around  or  close  to  a  ganglion 
cell  (body  or  dendrites)  in 
such  grey  matter  (Fig.  175). 

(4)  A  neuron  of  a  special 
sense  (Figs.  177,  178):  (a) 
the  ganglion  cell  in  the  gan- 
glion cell  layer  of  the  retina  ; 
{I})  its  dendrites  terminating 
as  arborisations  or  dendrons 
in  the  inner  molecular  layer ; 
(c)  the  axon  passing  out  in 
the  opposite  direction  and 
forming  a  fibre  of  the  nerve 
fibre  layer  and  further  pass- 
ing into  the  optic  disc  and 
optic  nerve  as  a  medullated 
fibre,  pursuing  its  course  as 
such  through  the  chiasma  and 
optic  tract,  and  terminating, 
finally,    in    an     arl)orisation 

Nerve  Fibn's  in  the  Olfactory    arouud      cells     iu     the     COrpus 
Organ    and     Hulb.       iAJitr  •      i    a  au  a      • 

i.w>fM.s/rrmg«a.n.)  gcuiculatum    or  the   anterior 

KioiueruiuH  in  corpus    quadrigeminum    (Fig. 

lb.  TliiH  rcpn*-     1  7f^\ 
utive  ueuruuM.     *  '  "/• 


Fiff.  178.-  Diagram  of  the  Ar- 
raugnnient    of    the.    Sensory 


«.  Keuraxon  ;  vl, 
the  olfactory  bul 
HeuU  t  wo  coimecu 


JHIH^^  ^ 

J 

CHAPTEB  XXIII.              ^^B 

THE 

TKRTB.                                               ■ 

■21S.    A    HUMAN    toot) 

adult  and  milk-tooth,  eonl 

sistB  (Fig.  179)  of  (.i)  the  i:nanuil  covering  the  crown,  | 

(i)  the  drntiw  forming 

the    bulk  of  the  whule 

"^^B       J 

tooth,  and  surrounding 

.^■H      ■ 

the  pul|>  ciivity  hoth  of 

iflEHI      1 

tlie  crown    and    fanga, 

^HnP9H|        1 

(c)  the  pulp  cavity,  and 

^RzS/flrS   ;,    " 

((/}  the  L-«f/i«n(,  or  crusta 

petroBa.       The   eement 

<1   faLi'^    \^'Qi 

L-overe  the  outside  of  the 

,i£^^tS^     fewju 

dentine  of  the  fang  or 

WKj^i/fj    Bil^ 

fangs,  the  enamel  covers 

.jWjsM    K^^ 

the  dentine  of  thecrown. 

The  cement  a  covered 

jjffig^lp        pipH^lm 

on  its  ouUiide  by  dense 

™i'  ^! '      '   '■■  ■ ''"  ;■,■' 

fibroUB  tisHue  acting  as 

^B^A  '^i.      ■  ' 

a  pei-ioateum  to  it,  and 

VmSl  '^il  1     It   f'-'.-'f 

is  fixed    by  it    to    tlie 

K^'Jin   bbV^''^ 

inner     aurfaco    of    the 

h^'^R  ^^^p 

hone  forming  the  wail 

^JSifmB ..  J^i^f 

of  the  alveolar  cavity. 

^K^p^^^ 

■               219.   Tlie    riiamel 

■        (Fig.    180)   consists   of 

v^     ja'-y  / 

^^~— ^.S' 

^H       mntic     elemeuts,      the 

^H       enamel    prUntt     placed 
^H       closely,    and   extending 

Uirwiuh  thr  Prirmol»rTofilh  nf  CM. 

^^*       in  a   vortical   direction 

"■Ssrii^2ES^::iSSS^^ 
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from  the  surface  to  the  dentine.  When  viewed  in 
transverse  section,  the  enamel  prisms  appear  of  a 
hexagonal  outline,  and  are  separated  by  a  very  fine 
int^atiluU  cement  substance.  The  outline  of  the 
enamel  prisma  is  not  straight,  but  wavy,  so  that  the 
prisms  appear  varicose.      The  prisms  are  aggregated 


into  bandies,  which  are  not  quite  parallel,  but  more 
or  less  slightly  overiap  one  another.  On  a  longitudinal 
section  through  a  tooth,  the  appearance  of  alternate 
light  and  dark  stripes  in  the  enamel  is  thus  produced. 
Besides  this  there  are  seen  in  the  enamel  dark  hori- 
zontal curved  lines,  the  brown  jiarallel  stripes  of 
Ketzius,  probably  due  to  ine<]ualities  in  the  density  of 
the  enamel  prisms  produced  by  the  successive  forma- 
tion of  layers  of  the  enamel.  The  euamel  consists 
of  lime  salts — phosphate,  carbonate,  and  fluoride  of 
calcium — with  corresponding  magnesium  salts. 

In  young  teeth  the  free  surface  of  the  enamel 
is  covered  with  a  delicate  cuticle  (the  cuticle  of 
Nasmyth),  a  single  layer  of  non-nucleated  scales. 
In  adult  teeth  this  cuticle  is  wanting,  having  been 
rubbed  off. 


Teeth.  . 


^^^ 


220.  The  dentine  is  the  principal  pai-t  of  the  bard 
substances  of  the  tooth.  It  formB  a  complete  invest-, 
ment  of  the  pulp  cavity 
of  the  crown  and  fang, 

being  shghtly  thicker  in 
the  foimer  than  in  the 
lattet  region  The  den 
tine  IS  composed  of  (Fig 
1811   (1)  a  homogeneous 

ticular  ti!^ue  of  fine 
hbiils  impregnated  with 
lime  salts  and  thu^  re- 
sembling the  niatriK  of 
bone  (')  long  fine 
canah  the  tlfntnud 
nnals  m  tuhes  passing 
in  a  more  or  1i^^  spiral 
I  anner  and  vertically 
fiom  the  inner  to  the 
outer  s  iif  i(,e  of  the 
dentine  lliese  tuVea 
aie  branched  they 
open  in  tl  e  p  Ip  cavity 
with  the  r  I  roadestpait 
and  become  smaller  as 
they  api  roacl  the  outer 
surfact  of  tl  e  dentine 
Lach  canal  is  lined  with 
a  delicate  sheath — the 
elf  Uiiial  s!  ealh  Inside 
the  tube  is  a  fibre  the  hcniBuu  oulw  u  asi'inii  « i>u> 
tie)ttiiutl  fill'  a  solid  dcnibi  ubuM  "'  »"  ""' 
elastic  hbie  originating 

with  its  thickest  part  at  the  pul[  sidt.  of  the  dentine 
fiom  t(l!s  hung  the  outer  suiface  of  the  pulj  and 
called  ul     lol  lasts 
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On  the  outer  surface  of  the  dentine,  both  in  the 
region  of  the  enamel  and  crusta  petrosa,  the  dentinal 
tubes  pass  into  a  layer  of  intercommunicatiag  irregular 
branched  spaces,  the  interglobvlar  spaces  ot  Czermak, 


'  *;- 


or  the  granular  layer  of  Purkinje.  These  ( 
cate  with  spaces  existing  between  the  bundles  of 
enamel  prisms  of  the  crown,  as  well  as  with  tlie  hone 
laminte  of  the  crusta  peti-osa  of  the  fang.  The  inter- 
globular spaf;es  contain  each  a  branched  nucleated  cell. 
The  dentinal  fibres  anastomose  with  the  pi-ocesses  of 
these  cells.  The  iiicremenlal  lines  of  Salter  are  lines 
Bicire  or  less  parallel  to  tlie  surface,  and  are  due  to 
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Bctly  calcified  dentine — the  \ntirgliihular   giib- 
■e  ofVsetmair      The  lines  of  Sihreger  are  curved 
:S  pai-allel  to  the  surface  and  are  Aw  to  the  optii^l 
t.effect  of  simultaneous  cunat  lies  of  dentinal  iibreb 


[Pkotojmpli  bg  Mr,  A.  Pringli.) 


221.  The   vcmeut  is   osseous   Bubstmice,    lieing 

lellated  bone  matrix  with  bone  corpuscles.     There 

"aversian  canals. 

The    pulp   is   richly  supplied   with  blood- 

FiTessels,  foniiing  networks,  and  extending  chicHy  in 

"i  direction  parallel   to  the  long  axis  of  the  tooth. 

Numerous  med  ill  lilted  nerve  fibres  forming  plexuses 

I  Are  met  with  in  the  pulp  tissue  ;  on  tlie  outoi'  surface 
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lit  \\\\\  |ml|)  \\w\  Invome  iion-medullated  fibres,  and 
|»ii)1»hIiI\  UMtMiil  lit  \\\\>  ()outinal  tubes.  The  matrix  of 
lilt'  )iul|i  In  I'luiufil  \\\  a  tninsjMirent  network  of  richly 
liLuit-liril  i'iIIn»  NJuiilnr  to  the  network  of  cells  formuig 

I  III-  luiiuiv  y\i  i;rlHtiuous  ooiiuective  tissue. 

- -'M.  Oil  till'  outiT  surfjux^  of  the  pulp — t.c.  the 
«nn*  in  I'liiiiart  with  tho  i  in  ut  sui-f ace  of  the  dentine — 
».'»  ii  l.»>i  r  ut'  iiiirlt'iitiMl  ivlls,  which  are  elongated,  more 
Ml  lihM  mlmiiimr.  Tlicst^  aiv  the  odontobla^  proper 
{ l'\jj  I  ^'.'  I  lU't  w  rtMi  t  luMu  aro  wedded  in  more  or  less 
.^finJti  sA.i^..,/  M;n7f .rff«/ iv/Af,  the  outer  or  distal  pro- 

I I  ii:i  i»l  w  liirli  jiUMM^N  into  i\  th^ntinal  fibre.  The  odonto- 
Mii'ii.i  )iiit|i«  r  all'  ronrrnunl  in  the  production  of  tlie 
iliiiiiiiiil  iui»iri\,  juviuilinu  to  some  by  a  continuous 
/iin^^ili  III  ilu«  ili-^tul  ov  out  or  part  of  the  cell  and  a 
|M  1 1  ilii  .iliMii  lit"  il»i>  iiuTomont,  aooorJing  to  others 
\i)  ii  iiiiiriiiih  liN  iht'  orll  of  tbo  dentinal  matrix. 
WiiMiV'i  'I'niu'h.  and  othtM's  consider  the  odonto- 
liliil.i  |iiM|iii  iiinriMni'd  in  tlio  ]>rodiiction  both  of  the 
i|i  hliMiil  iiinin\  iind  iltMitinal  tibros.  The  odontoblasts 
|MM|Mi  iiml  (III*  M|iinillr  shapt'd  colls  are  continuous 
•villi  llin  III  Mill  lu'il  ii'lls  nf  tlic  pulp  matrix. 

V  !  I  llr%rhi|iiiioiit  oi  t«M'tli,  -The  first  rudi- 
iiM  III  iif  ii  (iiiilli  in  (lio  nnbrvo  appears  jvs  early  as  the 
jiiiiiMJ  niuntli.  It  iM  a  Milid  cylindrical  prolongation 
lit  I  III-  iiliii(illi>(l  ««pit  helium  of  the  surface  into  the 
drjilli  iif  (lir  iMiihrvtiniiMnucous  mend)rane.  Along  the 
ImimIi'I  III'  llin  jiiwri  the  epithelium  appears  thickened, 
Mhd  lln»  iiiil»|iHM'nl  mucous  nuMuhrane  forms  there  a 
di'|iM';iiiiiiii  (lii»  iirlniitirr  linifdl  (/roove.  Into  this 
f/iiHivn  (III*  rtnlid  cylindrical  prolon<:;ation of  the sui*face 
i'|iilliiOiiim  (iiliivi  phu'e.  This  prolongation  is  the 
nidiiiMMil.  nl'  (In*  rnmnfl  nnjtni.  While  continuing  to 
>(row  InwiinU  I  hi'  depth,  it.  soon  broadens  at  its  deepest 
luirl.,  and  lln^  Hiirnmndinji^  vascular  mucous  membrane 
eondrnseH  at  lln*  bottom  of  the  prolongation  as  the 
rudiment  of  (be  tooth  pa|>illa.      While  the  distal  part 
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of  the  euamel  organ  continues  to  grow  towards  the 
depth,  it  gradually  embraces  the  tooth  papilla  in  the 
shape  of  a  cap — the  eiiamel  cap  (Fig  183).  During 
this  time  the  connection  between  the  surface  epithe- 


Lower  Jaw  of  Postal 


Hum  and  the  enamel  cap  becomes  greatly  thinned  out 
and  pushed  on  one  side,  owing  to  the  growth  of  the 
enamel  cap  and  papilla  taking  place  chiefly  to  one  side 
of  the  original  dental  groova 

225.  The  enamel  cap  (Fig.  1K4)  is  composed  of 
three  strata — an  inner,  middle,  and  outer  stratum. 
The  inner  stratum  is  a  layer  of  beautiful  columnar 
epithelial  cells — the  enamel  cells;  thu^  'wvwfe oi:\%v«ii\'^ 


zSa  Elkm/lnts  of  H/stologv. 

continuous  with  the  deep  layer  or  the  columnar  cells 
of  the  surface  ejiithelium.  The  middle  stratum  is  the 
thickest,  and  is  of  great  trans pjirency,   owing  to  a 


■f-^:£ 


mm 

Hg.  185.— From  a  Vertical  BMtiun  I.Lrougli  EVetnl  Tuutb  ot  Uoa.    (Jlftu.) 

I,  SiiLndlo-fllinped  celli^i>f  the  tnotll  imlp  :  b,  Ehe  IIH'tr  of  ndontoljliutH  ;  c,  tba 

TU'irit  rfCBDCly  furmed  \%5ar  ut  dentiDe;  cl.  older  aenLlne;  d.  IbB  lA>fF  uT 


transfonnatiDn  of  the  middle  layer  of  the  epithelial 
cells  into  a  spongy  gelatinous  tissue,  due  to  accumu- 
lation of  fluid   lictween  tlie   t'pitlielial    cells   of   this 
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layer,  and  to  a  reduction  of  their  substance  to  thin 
nucleated  plates,  apparently  branched.  The  outer 
stratum  consists  of  one  or  more  layera  of  polyhedral 
cells,  continuous  on  the  one  hand  with  the  surface 
epithelium  by  the  bridge  of  the  rudiment  of  the 
enamel  organ,  and  on  the  other  with  the  enamel  cells. 

226.  The  foetal  tooth  papilla  is  a  vascular  em- 
bryonic or  gelatinous  tissue  ;  on  its  outer  surface  a 
condensation  of  its  cells  is  soon  noticeable  into  a  more 
or  less  continuous  stratum  of  elongated  or  columnar 
cells,  the  odontoblasts. 

227.  Both  the  dentine  and  enamel  are  developed 
in  connection  with  the  odontoblasts  and  the  enamel 
cells  (Fig.  185) ;  the  former  produce  the  dentine 
on  their  outer  surface,  while  the  latter,  i,e,  the 
enamel  cells,  deposit  the  enamel  on  their  inner 
surface ;  thus  it  happens  that  the  enamel  is  in 
close  contact  with,  and  on  the  outside  of,  the 
dentine.  The  dentine  and  enamel  are  deposited 
gradually  and  in  layers.  At  first  they  are  soft 
tissues,  showing  a  vertical  differentiation  coire- 
sponding  to  the  individual  cells  of  the  enamel  cells 
and  odontoblasts  respectively.  Soon  lime  salts  are 
deposited  in  them,  at  first  imperfectly,  but  afterwards 
a  perfect  petrification  takes  place.  The  layer  of  most 
recently  formed  enamel  and  dentine  is  more  or  less 
distinctly  marked  off  from  the  more  advanced  layer, 
the  most  recently  formed  layer  of  the  enamel  being 
situated  next  to  the  enamel  cells,  that  of  the  dentine 
next  to  the  odontoblasts  (Fig.  186).  The  amount 
of  enamel  and  dentine  formed  is  always  greatest 
in  the  upper  part,  i.e.  that  corresponding  to  the 
future  crown.  The  milk  teeth,  while  continuing 
to  grow,  remain  Ijuried  in  the  mucous  membrane 
of  the  gum,  till  after  birth  their  proper  time 
arriv(»s,  when  by  active  growth  and  enlargement 
they   l)reak  through  the  gum.     During  Uv\&  '^x^^vi'^e^ 
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the  enamel  of  the  crown  remiiins  covered,  i.p.  carries 
with  it  the  inner  stratum  of  the  enamel  organ  only, 
i.e.  the  enamel  cells  (Fig.  186,  «c)  ;  these,  at  the 
same  time  as  the  surface  of  the  enamel   increases. 


become  much  flattened,  and,  finally  losing  tlieii' 
are  converted  into  a  layer  of  transparent  scaler,  i 
membraim  or  cuiich  of  Nasmytk  (Fif,'.  l!<4,  h). 

228.  Long  Itefore  the  milk  tooth  breaks  thmii 
the  gum,  thei'e  appears  a  HoHd  cylindrical  rtla.-:^ 
epithelial  cells  extending  into  the  ilcpth  fioii]  ■ 
OTJ"inal  connection  between  the  eniLujcl  organ  aii'i  ' 
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epithelium  of  the  surface  of  the  gum  mentioned  above. 
This  new  epithelial  outgrowth  represents  the  germ  for 
the  enamel  organ  of  the  permanent  tooth  ;  but  it 
remains  stationary  in  its  growth  till  the  time  arrives 
for  the  milk  tooth  to  be  supplanted  by  a  permanent 
tooth.  Then  that  rudiment  undergoes  exactly  the 
same  changes  of  growth  as  the  enamel  organ  of  the 
milk  tooth  did  in  the  first  period  of  foetal  life.  A 
new  tooth  is  thus  formed  in  the  depth  of  the  alveolar 
cavity  of  a  milk  tooth,  and  the  growth  of  the  former 
in  size  and  towards  the  surface  gradually  lifts  the 
latter  out  of  its  socket. 

Mummery  has  shown  that  the  dentine  contains 
petrified  fibres  and  trabecule,  which  are  direct  con- 
tinuations of  the  pulp  tissue,  and  are  comparable  to 
the  fibres  of  Sharpey  in  bone. 


CHAPTER  XXIV. 

THE     SALIVARY     GLANDS. 

229.    Thb    saliyary    glands,    acnording    to    their 

structure  and  secretion,  are  of  the  following  kinds  i — 

(1)  7'rue  saliivtry  (Fig.  187),  8ero«8,  or  albuminous 


glands,  such  as  the  parotid  of  man  and  maTuinals, 
the  Hubniaxilbiry  and  urbitul  of  the  rubliit,  tin;  eub- 
maxillary  of  the  guinea-pig.  They  secrete  true,  thin, 
watery  saliva. 
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230.  (2)  Mucous  glands.  Of  these  there  are  several 
varieties.  In  the  first  place,  there  is  the  purp.  mucous 
gland  (Fig.  188),  represented  by  the  sublingual  gland 
of  the  gtiinea-pig  and  many  of  the  simple  buccal  glands 
of  the   mouth.     In    the    next    place,    the    secreting 


alveolus  may  contaiu  other  cells  than  true  mucous 
cells  (mwoun  glandg  toith  dmmlunea)  There  may  be 
comparatively  few  of  this  second  variety  of  cell  in  the 
alveolus,  and  such  cells  may  have  an  entirely  peripheral 
position  m  the  alveolus,and,bftingthusadapted  in  shape 
to  the  globular  character  of  the  alveolus,  may  become 
flattened  between  the  basement  membrane  and  more 
centrally  disposed  mucous  cells,  so  that  in  section  they 
lia\i  the  aiiiw'imiice  of  halt-moon- shajied  masses, 
and  an'  hence  called  uemilune  cells.  The  Mlveolus 
may  contain  few  of  tlies((  demilune  cells,  as  in  the 
orliiUl  or  su  bin  axillary  gland  of  the  dog  {Vi^.  1*&S,  <s« 
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a  more  or  less  complete  ring  of  such  cells  may  exist, 
as  in  the  submaxillary  gland  of  the  cat  (Fig.  190). 
Finally,  this  second  variety  of  cell  may  be  s< 


represented  as  to  cause  the  gland  to  he  described  as 
belonging  to  a  separate  variety— mixed  glands. 

^31.  (3)  Mixed  salivary,  muco-salivary,  or  sero- 
miicons  glands.  Here  some  alveoli  may  he  entirely 
serous,  some  may  belong  to  one  of  the  varieties  of 
so-called  mucous  glands.  Sometimes  the  alveoli  may 
contain  both  serous  and  mucous  cells  similarly 
situated  ai-ound  the  lumen,  so  that  we  may  have 
actually  a  mixed  salivary  alveolus  (Fig.  191),  It 
is  justitiable  to   assume  that    demilune  cells   really 
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represent  occasional  serous  cells  present  i  _  _ 

alveolus,  and  these  cells  occupy  a  peripliei-al  position. 

In  addition  to  the  three  salivary  glands— parotid, 

Bubmaxillary,    and    sublingual  — there    are    in    some 


.  .^  - ^tongU  the  BulimBimary  GUnd  of  Cat.  The  alTeoU  »re 

In  EiBulr  all  caaua  BEirrouTidod  by  &  dark  ritu,  Gouposed  of  dfimlliiue 
oeils.    Sore  daiplyiiljilDed  luasseq  consisUng  of  ducta  are  also  seen. 

oaaeB,  as  in  the  rabbit  and  the  guinea-pig,  two  minute 
additional  glands,  one  intimately  joined  to  the  parotid 
and  the  other  to  the  submaxillary,  and  both  of  the 
nature  of  a  mucous  gland.  These  are  the  superior  and 
inferior  admaxillary  glands. 

332.  The  framework, — Each  salivary  gland 
is  enveloped  in  a  fibrous  connective -tissue  capsule, 
in  connection  with  which  are  fibrous  t.v«.'ne.(w\'ia  ^-afe. 
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BBptift  in  the  inteiioF  of  t)ie  gland,  by  wLich  tlie  sub- 
stance of  tlie  latter  is  subdivided  into  fofies,  tliese 
again  into  lobuJes,  and  tliese  finally  into  the  alveoli 
or  acinL     The   duct,   large  vessels  and  nerves  ] 


largely  ol 


(JtficTO/iAiiftjprppA,) 


to  and  from  the  gland  by  the  hilum.  The  conoective 
tissue  is  of  loose  texture,  contflins  elastic  fibres,  and,  in 
some  instances  more,  in  others  less,  numerous  lymphoid 
cells.  In  tlie  sublingual  gland  they  are  so  Dumerous 
that  they  form  continuous  rows  between  the  alveoli. 
The  connective-tissue  matrix  between  the  alveoli  18 
chiefly  represented  by  fine  bundles  of  fibrous  tissue 
and  branched  connective- tissue  corpuscles. 
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233.  The  ducts— Following  the  chief  duct  of 
tlie  gland  through  the  hilum  into  the  interior,  we  see 
that  it  divides  into  several  large  branches,  according 
to  the  number  of  lobes ;  each  of  these  takes  up  several 
branches,  one  for  each  lobule.  Following  it  into  the 
lobule,  the  branch  is  very  minute,  and  is  seen  to  take 
up  several  more  minute  tubes ;  all  these  tubes  within 
the  lobule  are  the  intralobular  ducts  or  the  salivary 
tubes  of  Pfliiger;  the  bigger  ducts  being  the  inter- 
lobular, and,  further,  the  interlobar  ducts.  Each  of 
the  latter  consists  of  a  limiting  membrana  propria, 
strengthened,  according  to  the  size  of  the  duct,  by 
thicker  or  thinner  trabeculse  of  connective  tissue.  In 
the  chief  branches  there  is  present  in  addition  non- 
striped  muscular  tissue.  The  interior  of  the  duct  is 
a  cavity  lined  with  a  layer  of  columnar  epithelial  cells. 
In  the  largest  branches  there  is,  outside  this  layer  and 
inside  the  membrana  propria,  a  layer  of  small  poly- 
hedral cells. 

234.  The  Intralobular  ducts,  or  the  salivary 
tubes  of  Pfluger,  have  each  a  distinct  lumen  or  cavity, 
which  is  lined  with  a  single  layer  of  columnar  epithe- 
lium, and  outside  this  is  a  limiting  membrana  propria. 
Each  of  the  lining  epithelial  cells  has  a  spherical 
nucleus  in  about  the  middle ;  the  outer  half  of  the 
cell  substance  shows  very  marked  longitudinal  stria- 
tion,  due  to  more  or  less  coarse  fibrillse  (see  Fig.  187). 
The  inner  half — i.e.  the  one  bordering  the  lumen — is 
granular,  or  only  very  faintly  striated.  The  outline 
of  these  salivary  tubes  is  never  smooth,  but  irregular — 
i,e.  the  diameter  of  the  tube  varies  from  place  to  place. 

Not  in  all  salivary  glands  do  the  epithelial  cells 
of  the  intralobular  ducts  show  this  coarse  fibrillation 
in  the  outer  part  of  their  substance — e.g.  it  is 
not  present  in  the  sublingual  gland  of  the  dog  or 
the  f];uinea-pig. 

235.  The  ends  of  the  branches    of   the.  ^%.\\n^>x-5 
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tubes  are  connected  with  the  secreting  parts  of  the 
lobule — i.e.  the  acini  or  alveoli.  These  always  very 
conspicuously  differ  in  structure  from  the  salivary 
tubes. 

The  last  part  of  the  duct  which  is  in  immediate 
connection  with  the  alveoli  is  the  intermediate  'party 
this  being  interposed,  as  it  were,  between  the  alveoli 
and  the  salivary  tube  with  fibrillated  epithelium.  The 
intermediate  part  is  much  narrower  than  the  salivary 
tube,  and  is  lined  with  a  single  layer  of  very  flattened 
epithelial  cells,  each  with  a  single  oval  nucleus ;  the 
boundary  is  formed  by  the  membrana  propria,  con- 
tinued from  the  salivary  tube.  The  lumen  of  the 
intermediate  part  is  much  smaller  than  that  of  the 
salivary  tube,  and  is  generally  lined  with  a  fine  hyaline 
membrane,  with  here  and  there  an  oblong  nucleus 
in  it. 

At  the  point  of  transition  of  the  salivary  tube 
into  the  intermediate  part  there  is  generally  a  sudden 
diminution  in  size  of  the  former,  and  the  columnar 
cells  of  the  salivary  tube  are  replaced  by  polyhedral 
cells ;  this  is  the  neck  of  the  intermediate  part.  In 
some  salivary  glands,  especially  in  the  mucous,  this 
neck  is  the  only  portion  of  the  intermediate  part 
present — e.g,  in  the  submaxillary  and  orbital  glands 
of  the  dog  and  cat,  and  in  the  sublingual  of  the 
rabbit.  In  others,  especially  in  the  serous  salivary 
glands,  as  the  parotid  of  man  and  mammals,  the  sub- 
maxillary of  the  rabbit  and  guinea-pig,  and  in  the 
mixed  salivary — as  the  submaxillary  and  sublingual 
of  man — there  exists  after  the  neck  a  long  inter- 
mediate part,  which  gives  off  several  shorter  or  longer 
branches  of  the  same  kind,  all  ending  in  alveoli. 

236.  The  alveoli  or  acini  are  the  essential  or 
secreting  portion  of  the  gland  ;  thoy  are  flask -shaped, 
club-shaped,  shorter  or  longer  cylindrical  tubes,  more 
or  less  wavy  or,  if  long,  more  or  less  convoluted ;  many 


Salivary  Glands,  293 

of  them  are  branched.  Generally  several  open  into 
the  same  intermediate  part  of  a  salivary  tube.  The 
acini  are  much  larger  in  diameter  than  the  inter- 
mediate part,  and  slightly  larger,  or  about  as  large  as 
the  intralobular  ducts.  But  there  is  a  difference  in 
this  respect  between  the  acini  of  a  serous  and  of 
a  mucous  salivary  gland ;  in  the  former  the  acini 
are  smaller  than  in  the  latter. 

The  membrana  propria  of  the  intermediate  duct 
is  continuous  with  the  membrana  propria  of  the 
acini.  This  is  a  reticulated  structure,  being  in  reality  a 
basket-shaped  network  of  hyaline  branched  nucleated 
cells  (Boll).  The  lumen  of  the  acini  is  minute  in  the 
serous,  but  is  larger  in  the  mucous  glands  ;  it  is  in 
both  glands  smaller  during  secretion  than  during  rest. 

237.  The  epithelial  cells  lining  the  acini  are  called 
the  salivary  cells — they  are  of  different  characters  in 
the  different  salivary  glands,  and  chiefly  determine  the 
nature  of  the  gland.  The  cells  are  separated  from  one 
another  by  a  fluid  albuminous  cement  substance, 
(i.)  In  the  serous  or  true  salivary  glands,  as  parotid  of 
man  and  mammals,  submaxillary  of  rabbit  and  guinea- 
pig,  the  salivary  cells  form  a  single  layer  of  shorter  or 
longer  columnar  or  pyramidal  albuminous  cells,  com- 
posed of  a  reticulated  protoplasm,  and  containing  a 
spherical  nucleus  in  the  outer  part  of  the  cell,  (ii.) 
In  the  mucous  glands,  such  as  the  sublingual  of  the 
guinea-pig,  or  the  ad  maxillary  of  the  same  animal,  the 
cells  lining  the  acini  form  a  single  layer  of  goblet- 
shaped  mucous  cellSf  such  as  have  been  described 
above.  Each  cell  consists  of  an  inner  principal  part, 
composed  of  a  transparent  mucoid  substance  (contained 
in  a  wide-meshed  reticulum  of  the  protoplasm),  and  of 
an  uuter  small,  more  opaque  part,  containing  a  com- 
pressed and  flattened  nucleus.  This  part  is  drawn 
out  in  a  fine  extremity,  which,  being  curved  in  a 
direction    parallel  to   the    surface  of  the    aucvww^^  \s» 
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imbricated  on  its  neighbours.  In  the  case  of  the  sub- 
maxillary and  orbital  glands  of  the  dog  and  the  sub- 
lingual of  the  rabbit,  there  exist,  in  addition  to  and 
outside  of  the  wucows  cells  linio"  the  acini,  but  within 
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mucous  cells,  and  a  replacement  of  them  by  new  ones, 
derived  by  multiplication  from  the  crescent  cells.  This 
is  improbable,  since  during  ordinary  conditions  of  secre- 
tions there  is  no  disappearance  of  the  mucous  cells  as 
such ;  they  change  in   size,   becoming  larger  during 
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secretion,  and  their  contents  are  converted  into  perfect 
mucus.  It  is  probable  that,  on  prolonged  exhaustive 
stimulation,  the  mucous  cells  collapse  into  the  small 
cells,  seen  by  Heidenhain  and  his  pupils. 

238.  (iii.)  The  acini  of  the  sublingual  of  the  dog 
are  again  different  in  structure  both  from  those  of  the 
submaxillary  of  the  dog  and  of  the  sublingual  of  the 
guinea-pig,  for  the  acini  are  there  lined  either  with 
mucous  cells  or  with  columnar  albuminous  cells,  or 
the  two  kinds  of  cells  follow  one  another  in  the  same 
alveolus. 

This  gland  is  a  sort  of  intermediate  form  between 
the  sublingual  of  man  and  the  submaxillary  of  man 
and  ape  (Fig.  191).  These  are  the  mixed  or  muco- 
salivary  glands.  In  these  the  great  number  of  acini 
are  serous — i.e.  small — with  small  lumen,  and  lined 
with  albuminous  cells,  whereas  there  are  always  present 
a  few  acini  exactly  like  those  of  a  mucous  gland.  The 
two  kinds  of  acini  are  in  direct  continuity  with  one 
another.  In  some  conditions  there  are  only  very  few 
mucous  acini  to  be  met  with  within  the  lobule — so  few 
sometimes  that  they  seem  to  be  altogether  absent ;  in 
others  they  are  numerous,  but  even  under  most 
favourable  conditions  they  form  only  a  fraction  of 
the  number  of  the  serous  acini.  In  the  sublingual  of 
man  they  are  much  more  frequent,  and  for  this  reason 
this  gland  possesses  a  great  reseuiblance  to  the  sub- 
lingual of  the  dog. 

What  appear  to  be  crescents  in  the  mucous  acini 
of  the  human  gland  are  an  oblique  view  of  albuminous 
cells  lining  the  acini  at  the  transition  between  the 
mucous  and  serous  part  of  the  same  gland-tube. 

239.  The  columnar  salivary  cells  lining  the  acini 
of  the  submaxillary  of  the  guinea-pig  in  some  condi- 
tions show  two  distinct  portio7is :  an  outer  homogeneous 
or  slightly  and  longitudinally  striated  substance,  and 
an  inner,  more  transparent,  granular-looking  i^art^«joA 
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in  this  respect  tbe  cells  resemble  those  of  the  pancreas. 
{See  pp  330-2  ) 

240  Langley  has  shovm  (Fig.  193)  that  during 
the  penod  preparatory  to  secretion  the  cells  lining 
the  aciQi  of  the  serous  salivary  ^liknds  become  en 
larged  and  failed  with  coarse  g  anules  during 
secretion  these  granules  become  used  up  so  that  the 


cell-substance  grows  more  transparent,  beginning  from 
the  outer  part  of  the  cell  and  gradually  advancing 
towards  the  lumen  of  the  acini.  These  granules  may 
be  seen  in  the  fresh  gland,  but  reagents  very  i-apidly 
destroy  them.  Salivary  glands  hardened  by  the 
usual  reagents,  though  not  themselves  showing  the 
granules,  may,  however,  present  appearances  corre- 
sponding to  the  removal  of  the  granules  from  the 
outer  zone  of  the  alveolus.  It  is  found  that  in 
such  cases  the  outer  zone  stains  more  deeply 
(Fig.  192),  an  appearance  frequently  met  with  in  the 
pancreas. 

When  the  outer  part  of  the  alveolus  is  devoid 
of  granules,  the  alveolus  is  said  to  be  active,  or 
partially  eiduiueted:  when  the  granules  reach  practi- 
cally to  the  outermost  part  of  the  cells,  the  alve- 
olus is  said  to  be  resting.     Under  normal  conditions 
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secretion  in  the  salivary  glands  never  approaches  ex- 
haustion, though  in  the  pancreas  it  is  not  uncommonly 
the  case. 

241.  Blood-vessels   and   lymphatics* — The 

lobules  are  richly  supplied  with  blood-vessels.,  The 
arteries  break  up  into  numerous  capillaries,  which 
with  their  dense  networks  surround  and  entwine  the 
acini.  Between  the  interalveolar  connective  tissue 
carrying  the  capillary  blood-vessels  and  the  membrana 
propria  of  the  acini  exist  lymph  spaces  surrounding 
the  greater  part  of  the  circumference  of  the  acini 
and  forming  an  intercommunicating  system  of  spaces. 
They  open  into  lymphatic  vessels  accompanying  the 
intralobular  ducts,  or  at  the  margin  of  the  lobule 
directly  empty  themselves  into  the  interlobular 
lymphatics.  The  connective  tissue  between  the  lobes 
contains  rich  plexuses  of  lym,phatics. 

242.  The  nerve-branciies  form  plexuses  in  the 
interlobular  tissue.  In  connection  w^ith  them  are 
larger  or  smaller  ganglia  (Fig.  168).  They  are  very 
numerously  met  with  in  the  submaxillary,  but  are 
absent  in  the  parotid.  Some  ganglia  are  present  in 
connection  with  the  nerve-branches  surrounding  the 
chief  duct  of  the  sublingual  gland. 

Pfliiger  maintains  that  the  ultimate  nerve  fibres 
are  connected  with  the  salivary  cells  of  the  acini  in 
man  and  mammals,  but  this  remains  to  be  proved. 
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CHAPTER  XXV. 

THE  MOUTH,  PHARYNX  AND  TONGUE. 

243.  The  g^lands. — Into  the  cavity  of  the 
mouth  and  pharynx  open  very  numerous  minute 
glands,  which,  as  regards  structure  and  secretion, 
are  either  serous  or  mucous.  The  latter  occur  in 
the  depth  of  the  raucous  membrane  covering  the 
lips,  in  the  buccal  raucous  membrane,  in  that  of  the 
hard  palate,  and  especially  in  that  of  the  soft  palate 
and  the  uvula,  in  the  depth  of  the  mucous  membrane 
of  the  tonsils,  at  the  back  of  the  tongue,  and  in  the 
raucous  membrane  of  the  pharynx.  The  serous 
glands  are  found  in  the  back  of  the  tongue,  in  close 
proximity  to  the  parts  containing  the  special  organs 
for  the  perception  of  taste — the  taste  goblets  or  buds 
(s6e  below).  All  the  glands  are  very  small,  but 
when  isolated  they  are  perceptible  to  the  unaided  eye 
as  minute  whitish  specks,  as  big  as  a  pin's  head,  or 
bigger.  The  largest  are  in  the  lips,  at  the  back  of 
the  tongue  and  soft  palate,  where  there  is  something 
like  a  grouping  of  the  alveoli  around  the  small  branches 
of  the  duct,  so  as  to  form  little  lobules. 

244.  The  chief  duct  generally  opens  with  a  narrow 
mouth  on  the  free  surface  of  the  oral  cavity ;  it 
passes  in  a  vertical  or  oblique  direction  through  the 
superficial  part  of  the  mucous  membrane.  In  the 
deeper,  looser  part  (submucous  tissue)  it  branches 
in  two  or  more  small  ducts,  which  take  up  a  number 
of  alveoli  Of  course,  on  the  number  of  minute  ducts 
and  alveoli  depends  the  size  of  the  gland. 
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In  man,  all  ducte  are  lined  with  a  single  layer  of 
columnar  epithelial  cells,  longer  in  the  larger  than 
in  the  smaller  ducts  ;  in  mammals  the  epithelium 
is  a  single  layer 
of  polyhedral  cells. 
No  fibrillation  is 
noticeable  in  the 
epithelial  cells.  At 
the  transition  of  the 
terminal  ducts  into 
the  acini  there  is 
occasionally  a  slight 
enlargement,  called 
the  in/undibtdnm  ; 
here  the  granular- 
looking  epithelial 
cells  of  the  duct 
change  into  the  co- 
lumnar transparent 
mucous  cells  lining 
the  acini 

245.  The  acini 
of  these  glands  are 
identical  with  those 
of  thB  mucous  glands 
described  above  (Fig.  poljhSdf »?«'»,'  *  '""  """''  "''''  "°^' 
194)— e.(?.   the    sub-  , 

lingual  gland  as  regards  size,  tubular  branched  nature, 
the  lining  epithelium,  and  lumen. 

In  some  instances  (as  in  the  soft  palate  and 
tongue)  the  duct  ne.ir  the  opening  is  lined  with 
ciliated  columnar  epithelium.  Tlie  stratified  epithelium 
of  ttie  surface  is  generally  continued  a  short  distance 
into  the  mouth  of  the  duct. 

246.  The  serous  glands  at  the  root  of  tlie 
tongue  (von  Ebner)  differ  from  the  mucous  chiefly 
in  the  epithelium,  size,  and  lumen  of  the  aciaL    tltv-isw. 
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are  of  exactly  the  same  nature  and  structure  as  those 
of  the  serous  or  true  salivary  glands. 

247.  Saliva  obtained  from  the  mouth  contains 
numbers  of  epithelial  scales  detached  from  the  surface 
of  the  mucous  membrane,  groups  of  bacteria  and 
micrococci,  and  lymph  corpuscles.  Some  of  these  are 
in  a  state  of  disintegration,  while  others  are  swollen 
up  by  the  water  of  the  saliva.  In  these  there  are 
contained  numbers  of  granules  in  rapid  oscillation, 
called  Brownian  molecular  movement. 

248.  The  mucous  membrane  Iming  the  cavity 
of  the  mouth  consists  of  a  thin  membrane  covered 
on  its  free  surface  with  a  thick  stratified  pavement 
epithelium,  the  most  superficial  cells  being  scales, 
more  or  less  changed  into  horn. 

Underneath  the  epithelium  is  a  somewhat  dense 
feltwork  of  fibrous  connective  tissue,  with  numerous 
elastic  fibrils  in  networks.  This  part  is  the  corium  or 
rnubcosa,  and  it  projects  into  the  epithelium  in  the 
shape  of  cylindrical  or  conical  papillce. 

According  to  the  thickness  of  the  epithelium,  the 
papillae  differ  in  length.  The  longest  are  found  where 
the  epithelium  is  thickest — e.g.  in  the  mucosa  of  the 
lips,  soft  palate,  and  uvula. 

Numerous  lymph  corpuscles  are  found  in  the 
mucosa  of  the  palate  and  uvula.  Sometimes  they 
amount  to  difiuse  adenoid  tissue.  The  deeper  part  of 
the  mucous  membrane  is  the  submucosa.  It  is  looser 
in  its  texture,  but  it  also  is  composed  of  fibrous  con- 
nective tissue  with  elastic  fibrils.  The  glands  are 
here  embedded ;  adipose  tissue  in  the  shape  of  groups 
of  fat  cells  or  continuous  lobules  of  fat  cells  are  here 
to  be  met  with.  The  large  vascular  and  nervous 
trunks  pass  to  and  from  the  submucosa. 

249.  Striped  muscular  tissue  is  found  in 
the  submucosa.  In  the  lips,  soft  palate,  uvula,  and 
palatine  arches  it  forms  a  very  conspicuous  portion  : 
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namely,  the  apliincter  orbicularis,  with  its  outrunners 
into  the  mucous  membrane  of  the  lips,  the  muscles  of 
the  palate,  uvula  (levator  and  tensor  palati),  and  the 
arcus  pulato-pharyngeuB  and  palato-glosaus. 

250.  The  last  branches  of  the  arteries  break  up  in 


uli.'iwa   tlie   |*rai"lsj    niitnriiicw,"  ivith    Uiiiir' 
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a  dense  cn^nllary  iietroork  on  the  surface  of  the  a. 
and  from  it  loops  ancend  into  tlie  papillie.  Of  course, 
fat  tiKsni;  <;1aiidB  and  muscular  tissue  receive  tluar 
own  supjily.  Tliore  iit  a  very  rich  plexfta  of  veitig  in 
tilt!  superficial  part  of  tlie  mucosa.  Tliey  ai-e  con- 
spicuoua  by  their  size  and  the  thinness  of  their  wall. 
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The  lyinphatics  form  networks  in  all  layers  of  the 
mucosa,  including  the  papillae.  The  large  efferent 
trunks  are  situated  in  the  submucosa.  The  last  out- 
runners of  the  nerve-branches  form  a  plexus  of  non- 
medullated  fibres  in  the  superficial  layer  of  the  mucosa, 
whence  numerous  primitive  fibrillce  ascend  into  the 
epithelium  to  form  networks.  Meissner's  tactile  cor- 
puscles have  been  found  in  the  papillae  of  the  lips  and 
in  those  of  the  tongue. 

251.  In  the  pharynx  the  relations  remain  the 
same,  except  in  the  upper  or  nasal  part,  where  we 
find  many  places  covered  with  columnar  ciliated 
epithelium.  As  in  the  palatine  tonsils,  so  also  here, 
the  mucosa  is  infiltrated  with  diffuse  adenoid  tissue, 
and  with  lymi)h  follicles  in  great  numbers.  This  forms 
the  pharyngeal  tonsil  of  Luschka. 

In  the  palatine  tonsil  and  in  the  pharyngeal  tonsil 
there  are  numerous  crypts  leading  from  the  surface 
into  the  depth.  This  is  due  to  the  folding  of  the  in- 
filtrated mucosa.  Such  crypts  are,  in  the  pharynx, 
sometimes  lined  all  through  with  ciliated  epithelium, 
although  the  parts  of  the  free  surface  around  them 
are  covered  with  stratified  pavement  epithelium.    • 

252.  The  tong^ue  is  a  fold  of  the  mucous  mem- 
brane. Its  bulk  is  made  up  of  striped  muscular  tissue 
(genio-,  hyo-,  and  stylo-glossus ;  according  to  direction: 
longitudinalis  superior  and  inferior,  and  transversus 
linguae).  The  lower  surface  is  covered  with  a  delicate 
mucous  membrane,  identical  in  structure  with  that 
lining  the  rest  of  the  oral  cavity,  whereas  the  upper 
part  is  covered  with  a  membrane,  of  which  the  mucosa 
projects  over  the  free  surface  as  exceedingly  numerous 
fine  and  short  hair- like  processes,  the papilhtjili/ormesj 
or  as  less  numerous,  isolated,  somewhat  longer  and 
broader  mushroom-shaped  papillce  fungiformes.  The 
papillae,  as  well  as  the  pits  between  them,  are  covered 
with  stratified  pavement  epithelium.  Each  has  numbers 
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of  minute  secondary  papillte.  Their  substance,  like 
the  mucous  membrane  of  the  tongue,  is  made  up  of 
fibrous  connective  tissue.  The  mucous  membrane  is  on 
tlie  whole  thin,  and  is  firmly  and  intimately  connected 


Fig.  IM.-Seotlon  throut-h  Hie  Papilla  Folistn  otRsbbit,  b1 

Budi  amongat  the  Epithsliutn.    In  the  deptb  sie  bondicx  ui  luusi^u 
nhres  uid  glAHda.     MAEni^ing  power,    iQ.     (Fhotograph  by  Mr. 

with  the  fibrous  tissue  forming  the  septa  between  the 
muscular  bundles  of  the  deeper  tissue.  It  contains 
large  vascular  trunks,  amongst  which  the  plexus  of 
veins  is  very  conspicuous  (Fig.  195).  On  the  surface  of 
the  mucosa  is  a  rich  network  of  capillary  blood-vessels, 
extending  as  complex  loops  into  the  papillse.  Lym- 
phatics form  rich  plexuses  in  the  mucosa  and  in  the 
deep    muscular    tissue.     Adipose   tissue 
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between  the  miiacular  bundles,  especially  at  the  back 
of  the  tongua 

353.  There  are  two  varieties  of  glands  present  in 
the  tongue,  the  mucous  and  serous.  The  latter  occur 
only  at  the  back,  and  in  the  immediate  neighbourhood 


of  the  taste  organs ;  ' 
present  at  the  back  ;  but  in  the  hu 
are  small  mucous  glands  (glands  of  Nuhn)  at  the  tip. 
All  the  glands  at  the  back  are  embedded  between  the 
bundles  of  striped  muscular  tissue,  and  thus  the  move- 
ments of  the  tongue  have  the  effect  of  squeezing  out 
the     secretion    of    the    glands.     About   the   glands 
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numerous   nerve  bundles  are  found  connected  with 
minute  ganglia. 

At  the  root  of  the  tongue  the  mucous  membrane  is 
much  thicker,  and  contains  in  its  mucosa  numerous 
lymph  follicles  and  diflFiise  adenoid  tissue.  Thus 
numerous  knob-like  or  fold-like  prominences  of  the 
mucosa  are  produced.  There  are  also  minute  pits  or 
crypts  leading  into  the  depth  of  these  prominences. 

254.  The  papillae  circumvaiiata;  are  large 
papillae  fungiformes,  each  surrounded  by  a  fold  of  the 
mucosa.  They  contain  taste  goblets  or  buds — i,e,  the 
terminal  taste  organs.  At  the  margin  of  the  tongue, 
in  the  region  of  the  circumvallate  papillae,  there  are 
always  a  few  permanent  folds,  which  also  contain  taste 
goblets.  In  some  domestic  animals  these  folds  assume 
a  definite  organisation — e.g.  in  the  rabbit  there  is  an 
oval  or  circular  organ  composed  of  numbersof  parallel 
and  permanent  folds,  papilla  foliata  (Fig.  196). 

255.  The  papillae  fungiformes  of  the  rest  of  the 
tongue  also  contain  in  some  places  a  taste  goblet.  But 
most  of  the  taste  goblets  are  found  on  the  papillae  circum- 
vallatae  and  foliatae.  In  both  kinds  of  structures  the 
taste  goblets  are  placed  in  several  rows  close  round 
the  bottom  of  the  pit,  separating,  in  the  papillae 
circumvallatae,  the  papillae  fungiformes  from  the  fold 
of  the  mucosa  surrounding  it :  in  the  papilla  foliata 
the  pits  are  represented  by  grooves  separating  the 
individual  folds  from  one  another. 

256.  The  taste  g^obiets  or  taste  buds  are 
barrel- or  flask-shaped  structures  (Fig.  197)  extending 
in  a  vertical  direction  through  the  epithelium,  from  the 
free  surface  to  the  mucosa.  Each  is  covered  with  flat- 
tened, elongated  epithelial  cells,  forming  its  periphery  ; 
these  are  the  tegmental  cells.  The  interior  of  the  goblet 
is  made  up  of  a  bundle  of  spindle-shaped  or  staff-shaped 
taste  cells.  Each  includes  an  oval  nucleus,  and  is 
drawn  out  into  an  outer  and  an  inner  fine  extremity. 

u 
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'\'\»:  r(ii'i(ii-r  <;kI«iiiIk  \m  th(t  free  surface,  projectiiig  just 
t.liruii^h  \\\i:  iiKiiitli  Iff  tlie  golilet,  and  resembles  a  fine 
Ijiiir;  tJiii  liitu^r  ih  ^^iiiiemlly  branched,  and  passes 
UfWiirilH  t.lm  riiiu;i)Mi,  wlierc  it  ]>i*obably  becomes 
(jiiiii<''^li!il  wil.h  iL  nr;rvi*  filire.  Tlie  mucosa  of  these 
|>itrt.!i  '■'iritiiiriH  riiili  jilcixufiCH  of  nerve  fibres. 

A';M>i''liti;;  bt  ]{i-t/iuH  tlie  nieduUated  nerve  fibres 


•  rili'iiri;/  from  l.liit  iiii«:»wi  Vm^  their  iiiodullar; 
.ai<-iil.li  iiri't  •'•.iiliiiiK^  tlK'ir  I'oum^,  dUuir  a.s  /•erilulbar 
riitriilii'iil.i'MiH  lii'tHi'i'ii  Llin  lc(pm!tital  cellH,  or  as  intra- 
hiilliiir  lil>i'''i<  li''l.u'-i'n  idkI  iiiiiiDi^'Ht  thti  taste  celb. 
IdiMi  :;i-l.ri  uV  lilii'cft  tcrjiiiiuit*^  with  frpe  knoblike 
.■.,.linK«(l''iK-   "'■>«). 

Into  I  he  \i\\m  siiri-<iui)ih'il  by  tiiHtc  goblcta  oiwn  the 
ilili:tjH  i)f  l.hi^  m-njiiH  ^^'IiukIk  only  {von  Ebiier). 
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CHAPTER   XXVI. 

THE    (ESOPHAGUS   AND   STOMACH. 

257.  I.  The  cesophagus. — Beginning  with  the 
oesophagus,  and  ending  with  the  rectum  of  the  large 
intestine,  the  wall  of  the  alimentary  canal  consists  of 
an  inner  coat  or  mucous  membrane,  an  outer  or 
muscular  coat,  and  outside  this  a  thin  fibrous  coat, 
which,  commencing  with  the  cardia  of  the  stomach,  is 
the  serous  covering,  or  the  visceral  peritoneum. 

The  epithelium  lining  the  inner  or  free  surface  of 
the  mucous  membrane  of  the  oesophagus  is  a  thick, 
stratified,  pavement  epithelium. 

In  Batrachia,  not  only  the  oral  cavity  and 
pharynx,  but  also  the  oesophagus,  are  lined  with 
ciliated  columnar  epithelium. 

The  mucous  membrane  is  a  fibrous  connective- 
tissue  membrane,  the  superficial  part  of  which  is 
dense — the  mucosa;  this  projects,  in  the  shape  of 
small  papillae,  into  the  epithelium. 

The  deeper,  looser  portion  of  the  mucous  membrane 
is  the  suhniucosa ;  in  it  lie  small  mucous  glands,  the 
ducts  of  which  pass  in  a  vertical  or  oblique  direction 
through  the  mucosa,  in  order  to  open  on  the  free 
surface.  In  man  these  glands  are  comparatively 
scarce ;  in  carnivorous  animals  (dog,  cat)  they  form 
an  almost  continuous  layer  (Fig.  199). 

258.  Between  the  mucosa  and  submucosa  are 
longitudinal  l^undles  of  non-striped  muscular  tissue. 
At  the  beginning  of  the  oesophagus  they  are  absent, 
but   soon   make  their  appearance — at  first  ^^^^  's^^ssa^ 
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bun  Ilea  separated  from  one  anothei  by  m  isses  of  con- 
nective tissue  but  lower  down,  about  the  middle, 
they  form  a  contin  loua  stratum  of  longitudinal 
b  Indies.     This  is  the  jjiw^cM&srw  jn?«o«(t  (Fig  200) 
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Outside  the  submucosa  is  the  muscularis  CKtema. 
This  consists  of  an  inner  thicker  circular  and  an  outer 
thinner  longitudinal  coat.  And  outside  this  is  the 
outer,  or  limiting,  fibrous  coat  of  the  cesophagus.  In 
man  the  outer  muscular  coat  consists  of  non-striped 
muscular  tissue,  exc(;pt  at  the  beginning  (about  the 
upper  third,  or  less)  of  the  ossophagus,  which  is 
caiaponeA    of    the    striped    variety ;    but    in    many 
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mammals  almost  the  whole  of  the  external  muscular       | 

coat,  except  the  part  nearest  the 
striped  lihi-ea. 

259.  The  large  vessels  pass 

cardia,  is  made  up  of 
into  the  submucosa, 
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plexuses  in  the  outer  fibrous  coat;  these  plexuses 
include  numerous  ganglia.  A  second  plexus  of  non- 
medullated  fibres  lies  between  the  longitudinal  and 
circular  muscular  coat ;  a  few  ganglia  are  connected 
with  this  plexus.  In  the  submucosa  are  also  plexuses 
of  non-medullated  fibres.  Now  and  then  a  small 
ganglion  is  connected  also  with  this  plexus. 

260.  II.  The  stomach— Beginning  with  the 
cardia,  the  mucous  membrane  of  the  stomach  is  covered 
with  a  single  layer  of  beautiful  thin  columnar  epithelial 
cells,  most  of  which  are  mucus-secreting  goblet  cells. 
On  the  surface  of  the  mucous  membrane  of  the  stomach 
open  numerous  fine  ducts  of  glands,  placed  very  closely 
side  by  side.  These  extend,  more  or  less  vertically,  as 
minute  tubes,  into  the  depth  of  the  mucous  membrane. 
In  the  pyloric  end,  where  the  mucous  membrane 
presents  a  pale  aspect,  the  glands  are  called  the  pyloric 
glands  :  in  the  rest  of  the  stomach,  the  mucous 
membrane  presents  a  reddish  or  red-brown  appearance, 
and  here  the  glands  have  a  different  character.  This 
second  vaiiety  of  gland  is  typical  of  the  cardiac  end 
of  the  stomach  as  distinct  from  the  pyloric,  and  hence 
is  described  as  the  cardiac  gland. 

261.  The  part  of  the  mucous  membrane  containing 
the  glands  is  the  mucosa ;  outside  this  is  a  loose 
connective  tissue  containing  the  large  vessels — this 
is  the  submucosa.  Between  the  two,  but  belonging  to 
the  mucosa,  is  the  muscularis  mucosae,  a  thick  stratum 
of  bundles  of  non- striped  muscular  tissue,  arranged 
in  most  parts  of  the  stomach  as  an  inner  circular  and 
an  outer  longitudinal  layer.  The  tissue  of  the  mucosa 
contains  the  gland  tubes,  arranged  more  or  less  in 
small  groups.  Between  them  is  a  delicate  connective 
tissue,  in  which  the  minute  capillary  blood-vessels 
pass  in  a  direction  vertical  to  the  surface.  Numerous 
small  bundles  of  non-striped  muscular  fibres  pass  from 
the    muscularis    mucosae    towards     the    surface — up 
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to  near  the  epithelium  of  the  siirface^forming 
longitudinal  muscular  sheatha,  as  it  were,  around 
the  gland  tubes. 

The  plicce  villosse  of  the  superficial  part  of  the 


mucosa  contain  fibrous  connective  tissue  and  numerous 
lymphoid  cells. 


312  Elements  of  Histology, 

262.  The  cardiac  inlands  (Fig.  201)  are  more 
or  less  wavy  tubes,  extending  down  to  the  muscularis 
mucosae.  The  deep  part  is  broader  than  the  rest,  and 
is  more  or  less  curved,  seldom  branched.  This  is  the 
fundus  of  the  gland  ;  near  the  surface  of  the  mucosa 
is  the  thinnest  part  of  the  tube ;  this  is  the  neck. 
Two  or  three  neighbouring  glands  may  join  and  open 
into  a  short  cylindrical  duct.  The  duct  is  lined  with 
a  layer  of  columnar  epithelial  cells,  continuous  and 
identical  with  that  covering  the  free  surface  between 
contiguous  glands.  The  duct  may  be  really  represented 
by  a  shallow  depression  from  the  surface ;  it  is  then 
more  usual  to  speak  of  the  mouth  of  the  gland. 

263.  The  epithelium  covering  the  surface  consists 
of  mucous  cells.  The  outer  two-thirds  stain  very 
slightly  as  a  rule,  the  nucleus  is  oval  and  situated  in  the 
inner  third  of  the  cell,  where  the  cell  substance  stains 
more  deeply.  At  the  base  of  these  cells  more  deeply 
staining  replacement  cells  may  be  seen.  The  neck 
and  fundus  of  the  cardiac  gland  is  made  up  of  two 
kinds  of  cells.  The  first  variety  occupies  in  general  a 
more  central  position  around  the  lumen,  the  cells  are 
as  a  rule  very  indistinct  in  their  outlines,  the  nucleus 
is  in  the  outer  half  of  the  cell  and  usually  somewhat 
shrunken.  These  cells  are  usually  spoken  of  as  the 
centred,  peptic,  or  chief  cells.  The  shape  of  these  cells 
is  cubical  or  short  columnar.  The  other  variety  of 
cell  is  characterised  by  a  more  peripheral  position — at 
any  rate,  in  the  fundus  of  the  gland,  their  outlines  are 
much  more  distinct ;  the  nucleus  is  oval  and  situated 
in  the  centre  of  the  cell.  These  cells  may  impinge  on 
the  lumen  at  the  neck  of  the  gland,  where  they  are 
most  numerous ;  in  the  fundus  they  are  scattered  and 
placed  between  the  investing  membrane  and  the 
central  cells.  These  cells  are  spoken  of  as  parietal, 
oxyntic,  or  ovoid  cells.  The  cardiac  glands  may 
present   appearances    showing   the   secretion   in   the 
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condition   of  granules   in   the   cells.      Granules  are 
obsevvabie  both    iu   the  parietal   and   central    cells ; 

I   they  are  more  conspicuous  and  more  easily  [ireserved 

■lin.  the  latter. 

I        264.  The  pyloric  ginnds  {Fig.  202).— The  ditci 


of  each  pyloric  gland  is  several  times  longer  than  that  of 
the  cardiac.  The  duct  of  the  former  oocupieB  iu  some 
places  as  much  aa  half  of  the  thickness  o£  the  mucosa, 
whei-eas  that  of  the  latter  does  uot  exceed,  in  the 
fundus  of  the  stomaeh  or  in  the  cardia,  more  than  one- 
fourth  or  one-fifth  of  the  thickness. 
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The  epithelium  lining  the  duct  of  the  pyloric 
glands  is  similar  to  that  of  the  free  surface.  Several 
tubes  open  into  one  duct  by  a  short  neck.  The 
fundus  or  tube  is  much  convoluted  and  genei-ally 
branched.      It  is  lined  by  only  one  variety  of  cell, 


which  bears  some  resemblance  to  the  central  cell  of 
the  cardiac  glands.  It  is  difficult  to  make  out  any 
appearance  of  granules  either  in  the  fresh  or  hardened 
condition. 

265.  Between  the  mucous  membrane  with  cardiac 
glands  and  the  pyloric  end  of  the  stomach  with  pyloric 
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glands  there  is  a  narrow  intermediate  zone,  in  which 
the  cardiac  glands  appear  by  degrees  to  merge  into 
the  pyloric  glands.  That  is  to  say,  the  short  duct  of 
the  former  gradually  elongates,  the  gland  tubes  get 
shorter  in  proportion  and  convoluted,  their  lumen 
gradually  enlarges,  and  the  parietal  cells  become  fewer 
and  ultimately  disappear. 

266.  The  mucosa  contains  isolated  lymph  follicles, 
the  so-called  glandulse  lenticulares  (Fig.  203). 

The  spaces  between  the  glands  themselves  and 
between  the  glands  and  the  muscularis  mucosae  are 
filled  up  by  a  delicate  connective  tissue  somewhat 
condensed  immediately  around  the  tubes.  Leucocytes 
are  plentiful  in  the  meshes  of  this  network.  One 
particular  variety  of  leucocyte,  the  so-called  basophile 
cell,  may  under  certain  conditions  be  very  conspicuous. 

267.  The  submucosa  is  of  very  loose  texture,  and 
enables  the  mucosa  to  become  easily  folded  in  all 
directions. 

268.  The  mitscular  coat  is  very  thick,  and  consists 
of  an  outer  longitudinal  and  an  inner  thicker  circular 
stratum  of  non-striped  muscular  tissue.  Numerous 
oblique  bundles  are  found  in  the  inner  section  of  the 
circular  stratum. 

The  gland  tubes  are  ensheathed  in  a  network  of 
capillary  blood-vessels  derived  from  the  arteries  of 
the  submucosa.  This  network  forms  on  the  surface 
a  special  dense  horizontal  layer,  from  which  the  venous 
branches  are  derived.  The  outer  muscular  coat  and 
the  muscularis  mucosae  possess  their  own  vascular 
supply. 

269.  The  lymphatics  form  a  network  in  the 
mucosa  near  the  fundus  of  the  glands.  Into  this 
plexus  lead  lympathics  which  run  longitudinally 
between  the  glands  ;  they  anastomose  with  one 
another  freely,  and  extend  to  near  the  inner  surface 
(Lov^n).     Another  plexus  is  found  in  the  subm^Lco^-a*, 
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Between  the  longitudinal  and  circular  stratum  of 
the  outer  muscular  coat,  and  extending  parallel  to  the 
surface,  is  a  plexus  of  non-medullated  nerve  branches 
with  a  few  ganglia  in  its  nodes.  This  corresponds  to 
the  pleocus  o/Atierbach  of  the  intestine,  and  is  destined 
for  the  outer  muscular  coat.  A  second  plexus  of  non- 
medullated  nerve  branches  with  ganglia  also  extending 
parallel  to  the  surface  lies  in  the  submucosa.  This 
corresponds  to  the  plexus  of  Meiasner  of  the  intestine, 
and  is  destined  for  the  muscularis  mucosae  and  the 
mucosa. 

According  to  Rabe,  the  gastric  gland  tubes  in  the 
horse  are  surrounded  by  a  rich  plexus  of  nerve  fibres, 
terminating  in  peculiar  spindle-shaped  cells. 


CHAPTER    XXVII. 

THE    SMALL.    AND    LARGE    INTESTINE. 

270,  The  epithelium  covering  the  inner  or  free 
surface  of  the  mucous  membrane  of  the  small  and 
large  iotestine  is  a  single  layer  of  columnar  cells,  their 
protoplasm    more    or    lesa    distinctly    longitudinally 


fibrillated  ;  their  free  surface  appears  covered  with 
a  vertically  and  finely  striated  free  border  (Fig.  204). 
Many  cells  are  goblet  cells.  Underneath  the  epithe- 
lium is  a  basement  membrane,  the  sub-epithelial 
endothelium  of  Debove. 

As  in  the  stomach,  so  also  in  the  small  and  large 
intestine,  the  mucosa  is  connected  with  the  outer 
muscular  coat  by  a  loose -textured  fibrous  mibmncosa, 
in  which  lie  the  large  vascular  trunks,  and  in  many 
places  larger  or  smaller  groups  of  fat  cells  and  lymph 
corpuscles.  Between  the  mucosa  and  submucosa.,  \svA. 
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belonging  to  the  former,  is  a  layer  of  non-striped 
muscular  tissue,  the  musvtdarU  mucoste.  This  is  in 
many  places  composed  of  inner  circular  and  outer 
longitudinal  bundles,  but  there  are  a  good  many 
places,  especially  in  the  small  intestine,  where  only  a 
layer  of  longitudinal  bundles  can  be  made  out. 

The  tissue  of  the  mucosa  is  similar  in  structure 
to  adenoid  tissue  (Fig.  205),  consisting  of  a  reticular 


matrix  with  flattened  large  nucleated  endotheloid 
cells  and  numerous  lymph  corpuscles.  These  ace 
either  small  lymph  corpuscles  like  leucocytes,  or  they 
are  somewhat  larger  and  filled  with  coarse  granules 
— plasma  cells.  The  mucosa  of  the  small  and  large 
intestine  contains  simple  gland  tubes,  the  crypts  or 
foUieles  of  Lieberkiikn  (Fig.  206)  ;  they  are  pla:Ced 
vertically  and  closely  side  by  side,  extending  from  the 
free  surface,  where  they  open,  to  the  musculaiis 
mucosae.  These  glands  possess  a  large  lumen,  and  ave 
lined  with  a  single  layer  of  columnar  epithelial  cells, 
many  of  them  goblet  cells. 

271.  In  the  small  intestine  tlie  mucosa  projects 
beyond  the  surface  as  numerous  longer  or  shorter, 
cylindrical,  conical,  or  leaf-shaped  vUli  (Fig.  206). 
These   are,    of  course,    covered    with   the    columnar 
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epithelium  of  the  genera!  surface,  and  their  tissue  is  the 
same  as  that  of  the  mucosa— i.e.  adenoid  tissue  (Fig. 
207)- — with  the  addition  of:  {a)  One  or  two  central  wide 
chyle  (lymph)  vessels  (Fig.  209),  their  wall  being  a 
single  layer  of  endothelial  plates,      (h)  Along  these 


Fig.  206 —From  a  Vertical  SectioD  Ihroiuhs  iuld  ot  the  Mucgos 
brane  of  tbe  Jejunum  of  Dug     {AOia  ) 


chyle  vessels  are  longitudinal  bundles  of  non-striped 
muscular  tissue,  extending  from  the  base  to  the  apex  of 
the  villus,  terminating  in  connection  with  the  cells  of 
the  basement  membrane — i.e.  the  sub-epithelial  endo- 
thelium, (e)  A  network  of  capillary  hlood-veasels  ex- 
tending over  the  whole  of  the  villus  close  to  the 
epithelium  of  the  surface  (Fig.  208).  This  capillary 
network  derives  its  blood  from  an  artery  in  about  the 
middle  or  upi)er  part  of  tiie  villus.  Two  venous 
vessels  carry  away  the  blood  from  the  villus- 


The  Lieberktihn's  crypts  open  between  the  baaes 
of  the  villi. 

About  the  base  of  the  villi  of  the  sinall  intestine, 


and  about  the  base  of  the  plicte  villosfe  of  the  stomach 
(|).  311),  there  exist  amongst  the  epithelium  of  the 
surface  peculiar  goblet-shaped  groups  of  epithelial 
cells,  which,  as  "Watney  has  shown,  are  due  to  local 
multiplication  of  the  epithelial  cells. 

272.  Lymph  follicles  occur  singly  in  the  siibmucosa, 
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and  extend  with  their  inner  part  or  summit  through 
the  muscularis  uiucoste  into  the  mucosa  to  near  the 
internal  free  surface  of  the  latter  (Fig.  209).  These 
are  the  solUartf  lymph  foUielea  of  the  small  and  large 
intestine ;  in  the  latter  they  are  larger  than  in  the 

Agmin  ted  gl     d  Pfy       gl     ds     re  1  rg     or 

f  ly    ph  f  11    1       m  1  ss  f  sed 


witho 


th 


and  situat  d  w  th 
their  main  p    t  n 
the       aubm  oosa 
but         exte  d  ng 
with  their      mm  t 
to  the  epith  1    m 
of  the  free       f 
of      the      m  cosa 
(Fig.  210)    I    th 
lower  part     f  tl 
ileum      t  h 
Peyer's  gla    1 


The  epithelium  »" ' 
covering  the  sum-  '**'" 
mits  of  these 
lymph  follicles  is  invaded  by,  and  more  or  leas 
replaced  by,  the  lymph  corpuscles  of  the  adenoid 
tissue  of  the  follicles  (Watney),  similar  to  what 
i,s  the  case  in  the  tonsils  (see  par.  124).  Isolated 
lymph  coipusclcH  are  met  with  amongst  the  epithelium 
also  of  other  jmrts  of  the  intestine— e.j/.  the  epithelium 
covering  the  villi  (Fig.  204). 

The  outer  musculai*  coat  consists  of  an  inner  thicker 
circular  and  an  outer  thinner  longitudinal  stratum  of 
non-striped  muscular  tissue. 

In  the  large  intestine,  in  the  "  ligamenta,"  only  the 
longitudinal  layer  is  present,  and  is  much  thickened. 
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273.  The  blood-vessels  form  sepu.i-at«  systems  of 
capillaries  for  the  serous  covering,  for  the  outer  mus- 
cular coftt,  for  the  musculaiis  raucoste,  ond  the  licheat 
of  &11  for  the  mucosa  with  its  Lieberkiihn's  crypts. 
The  capillary  network  of  the  villi  is  connected  with 
that  of  the  rest  of  the  mucoste  (Fig.  208). 


The  chyle  vessel,  or  vessels  of  the  villi,  commence 
with  a  blind  extremity  near  the  apex  of  the  \-illi. 
At  the  base  the  chyle  vessel  becomes  narrower  and 
empties  itself  into  a  plexus  of  lymphatic  vessels  and 
sinuses  belonging  to  the  mucosa,  and  situated  be- 
tween the    crypts    of   LieberHlhn  /iK-  909).      This 
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network  is  the  same  both  in  the  small  and  large 
intestine,  as  is  also  that  of  the  lymphatics  of  the 
submucosa  with  which  the  former  communicates.  The 
lymph  follicles  are  generally  surrounded  with  sinuons 
vessels  of  this  plexus.      The    efferent  trunks  of  the 


auhmucoua  plexus,  while  passing  through  the  outer 
muscular  coat  in  order  to  reach  the  mesentery,  take 
up  the. efferent  vessels  of  the  plexus  of  the  lyiiipliatics 
of  the  muscular  coat. 
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of  tLe  reticulum  of  the  villi,  and  from  here  into 
the  central  chyle  vesMels.  The  plaama-corpusclcB 
in  the  reticulum  oE  the  matrix  may,  and  sometimes 
do,  take  up  chyle  gloliules  ;  but  it  in  a  mistake  to 
ascribe    to    these    lymph   cells   an   important   r5/e   in 


Small  and  Large  Intestine.  3*5 

pftssing  cliyle  globules  ffom  the  epithelium  into  the 
central  chyle  veaael  (Fig.  214). 

Owing  to  the  peripheral  disposition  of  the 
capillaries  in  the  villi,  and  owing  to  the  greater 
filling  with  blood  of  the  capillai 


g.  212.— From  b  Horimntal  Bectioo  throogh  1 

be  Hue 

!oua  Uenibnne  of 

Large  Intestine  of  Pig,  eiiowing  tlio  eiBnd 

tubes 

of  Lieberkubn  in 

croBB-section,  their  llnllig  coiui>in>r  epiti.ellni 

numen™_goMet 

cells  amongst  Uieni.    Between  the  glnnd  la  tl 

ie  tlsan 
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the  villi  are  thrown  into  a  state  of  turgescence  (luring 
this  period,  in  consequence  of  which  the  central  chyle 
vessels  are  kept  distended.  Absorption  is  thus 
grfiatly  supported.  The  contraction  of  the  muscular 
tissue  of  the  villi  and  of  the  muscular  coat  of  the  in- 
testine greatly  facilitates  the  absorption  and  discharge 
of  the  chyle. 
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275,  The  non-medullated  nerves  form  a  rich 
plexus,  called  the  plexus  myentericue  of  Auerbach 
(Fig.  215),  with  groups  of  ganglion  cells  in  the 
nodes ;  this  |>lexus  lies  between  the  longitudinal  and 
circular  muscular  coat.      Another  plexus  connected 


bnne  with  tlie  'densely  arranned  glAndi  of 
L9  Isyer  »nth  IhECross-mit  lar^  vessels,  and 
cnveiwi  by  t)ie  perllodeu!  layir.     (PAolo. 


with  the  former  lies  in  the  submucous  tissue ;  this 
is  the  plexus  of  Meissner,  with  ganglia.  (Fig.  172.) 
In  both  plexuses  the  branches  are  of  a  very  variable 
thickness ;  they  are  groups  of  simple  axis  cylinders, 
held  together  by  a  delicate  endothelial  sheath. 


Fig.  215.— Plexus  My« 


ue»];-baru  cliild.    (Atlia.) 


CHAPTER   XXVITI. 


THE   QLANDS   OF   BBUNNBR   AND  THE    PANCREAS. 


276,  At  the  passage  of  tlie    pyloiio   end    of  the 
stomach  into  the  duodenum  (Figs.  203, 2 1 6),  and  in  the 


m  thmi^h  tlic  Oaritro^duodenfil  Junction  (AHcntphof<  grapK  ) 
rirnnlBj'  Mcmet  fnmi  h  k  to  li  ii   tlui  muHulnrlt  mqcoxm    Id 
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first  part  of  the  latter,  is  a  continuous  layer  of  gland 
tissue  in  the  submucosa,  composed  of  convoluted,  more 
or  less  branched  tubes  grouped  into  lobules,  and 
permeated  by  bundles  of  non-striped  muscular  tissue. 


outrunners  of  the  muscularis  mucosfe.  These  are  the 
glandg  of  Brunner.  Numeivus  thin  ducts  lined  with 
a  single  layer  of  columnar  epithelial  cells  pass  through 
the  mucosa  and  open  with  the  crypts  of  Lieberkiihn 
I>etween  the  bases  of  the  villi.  The  gland  tubes  of 
BrunneHs  glands  are  identical  in  structure  with  the 
pyloric  glandg,  with  which  they  form,  a  direct  ana- 
tomical continuity. 
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277.  ThepaBcrea9(Pig.  217)  is  in  most  respects 
identical  in  stracture  with  a  serous  or  true  salivary 
gland.  The  distribution  of  the  blood-vessels  and 
lymphatics,  and  the  arrangement  of  the  connective 
tissue,  so  as  to  separate  the  gland  tissue  in  lobes  and 
lobules,  with  the  corresponding  inter-  and  intra-lobular 


A: 

1 

!1..-F«,».S.» 

Ion  through  PancrcM  of  Dog.     (Allai.) 

ducta,  are  similar  in  both  cases.  Tiie  epithelium  lining 
the  latter  ducts  is  only  faintly  striated,  iiob  by  any 
means  so  distinctly  as  in  the  salivary  tubes.  The 
alveoli  or  acini  are  much  more  elongateil  than  is  the 
case  in  the  serous  salivary  glands,  and  in  section  the 
tubular  character  of  the  alveoli  is  marked  (Fig.  218). 
The  intermediate  part  of  the  duct  leading  to  the 
alveolus  resembles  the  ductule  of  the  salivary  gland. 
The  cells  of  the  ulveolua  are  somewhat  pyramidal,  and 
show  in  specimens  Imrdened  by  onlinjiry  reagents  an 
outer  more  deeply  slaining  zone  varying  in  width. 
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and  an  inner  less  deeply  staining  ai'ea  (Fig-  318). 
This  lighter  none  represents  the  part  of  the  cell  in 
which  the  secretory  granules  are  collected  (Fig. 
319).      The  outer   more   deeply  staining   zone   may 


fig.  219.— SBction  throi 


sometimes  show  a  pjdial  striation.  In  some  animals 
the  cells  lining  the  ductule  appear  to  be  continued  as 
an  internal  lining  into  the  alveolus.  These  constitute 
the  so-called  centro- acinous  cells  of  Langerhans. 
There  are  also  to  be  seen  in  the  pancreas  of  most 
animals  masses  of  cells  possessing  no  alveolar  arrange- 
ment,   staining  less   deeply,   but  W-jto^  \%.\^*,  sw-j^ 
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nuclei,    which   masaeit   He   here   and    there    between 
the  alveoh.      These   groups  of  cells   are    very  well 


Hupplied  with  blood •vchscIh,  and  are  spoken  of  a 
interttilndnr  clumpn,  or  inleralveolar  cell  isletg  (se 
Fig.  220). 


CHAPTER    XXIX. 


278.  The  outer  surface  of  the  liver  is  covered  witli 
R  delicate  serous  membrane,  the  peritoneum,  which, 
like  that  of  other  abdominal  organs,  has  on  ita  free 
surface  a  layer  of 

endotlielium.      It  ^^^""^^-^  . 

consists  chiefly  of  /  ^j 

fibrous  connective  — -{  —      '"'^ 

tissue.  (  '  ■^. 

At  the  hilum 
or  porta  hepatis 
this  connective 
tissue  is  continued        > 

into  the  interior,     "^  ^  ^  . 

where  it  joins  the  y-^  "  >.        J^-"^^ 

connective   tissue  fe--'"'^      ^ 

of    the     Gliason'n 
capsule,  or  the  in- 
terlohvlar  connec- 
tive    li»SUe     (con-    Fig.  Ml.— From  b  Section  through  the  Liver  of 
nective    tissue    of        "i-    ^''^  IS?"''* "'  "Uuwn.    They  aro  well 
the  portal  canals).        lobnUr  tissue.     iMlas.)       "     ^ 
This        tissue         is     ■,  mterlobalir  CDinieFllve  liiiue.   CDDlunini  llie 
ilbrous,  and  more         lho°LDV"fe•rte?ru?pSru^>eln.lu^Ihel[^ll!r- 

or  less  lamellated  ;       voiS.  '     *   °' ' '   ■  °'"  "  "  "'  "  ""' 
by  it  the  substance 

of  the  liver  is  subdivided  into  numerous,  more  or  less 
polyhedral,  solid  lobules  or  acini  (Fig.  221),  each 
about  -fjj  of  than  inch  in  diameter.      Accordiit.^  tRi 
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whether  the  interlobular  tiasue  forms  complete 
boiindarieB  or  not,  the  acini  appear  well  defined  from 
one  another  (pig,  ice-bear),  or  more  or  less  fused  (man 
and  carnivorous  auimals  and  rodents). 

Witliin   each   acinus   there   is   only   very  scanty 
connective  tissue,  in  the  shape  of  extremely  delicate 


bundles  and  flattened  connective-tissue  cells.  Occa- 
aionally,  especially  in  the  young  liver,  lymph  cells  are 
to  be  met  with  in  tlic  acini  and  in  the  tissue  between 
them. 

279.  Tlie  vena  |)ort[e  having  entered  the  hilum 
gives  off  rapidly  numerous  bnuiulies,  which  follow  the 
interlobular  tissue  in  which  tht^y  are  situated,  and 
they  form  rich  plexuncs  around  each  nc.inv» ;  these 
are    the    interlobular   i-eijw   (Fig.    222).       Nuuierous 


capillary  blood-vessela  are  derived  from  these  veins. 
These  capillaries  pass  in  a  ladiatiug  direction  to  the 
centre  of  the  acinus,  at  the  same  time  anastomosing 


;  transverse  branches 

i  tl  e  capillar 


with  one  another  by 
In  the  centre  of  the 
confluent  into  one 
large  vein,  the  cen- 
tral or  intralobular 
vein.  The  intralo- 
bular veins  of  se- 
veral neighbouring 

form  the  Bvblobular 
veing,  and  these  lead 
into  the  efferent 
veins  of  the  liver, 
or  the  hepatic  veins, 
which   hnallv   pass   Fii.  ''23  —Fro  i  a  at 

into   the  vena  cava       ^„  injected,  more  hlgbly  nmgniflHl  thui 

inferior.  inFfg.aia.   {4ito..) 

280.   The  sub-  ''■^°5srs;j^„'isrjf,;L^'',i'';;a,"i^Ki''Mi^. 

Btanceof  each  acinus  WMd-vliMgrs,'""'""  '^'^'^i™  ■• '■  ™piii«r7 
—  i.e.     the     tissue 

between  the  capillary  blood-vessels — is  composed  of 
uniform  polygonal  protoplasmic  epithelial  cells,  of 
about  yn'tni^''  "^^  ^'^  i'^'^^  ■"  diameter ;  these  are  the 
liver  ceth.  Owing  to  the  peculiar,  more  or  less 
radiating,  arrangement  of  the  capillaries,  the  liver 
cells  appear  to  form  columns  or  cylinders,  also  more 
or  less  radiating  from  the  periphery  towards  the  centre 
of  the  acinus.  The  cells  contain  particles  of  glycogen 
in  various  amounts.  According  to  Brunton  and 
Del^pine,  the  amount  gradually  increases  in  the 
rabbit's  liver  after  a  meal,  and  I'eaohes  ite  maximum 
between  the  third  and  eighth  hour.  They  also  contain 
pigment  granules,  which,  being  derived  from  the 
disintegration  of  hiemoglobin  in  the  spleen.,  u^q.W^ 
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iron.  Each  liver  cell  shows  a  more  or  less  fibrillated 
protoplasm  (Kupfer),  and  in  the  centre  a  spherical 
nucleus  with  one  or  more  nucleoli. 

The  liver  cells  are  joined  by  an  albuminous  cement 
substance,  in  which  are  left  fine  channels  ;  these  are  the 
hUe  capillaries  (Figs.  223  and  224).  In  a  successfully 
injected  preparation  the  liver  cells  appear  separated 
everywhere  from  one  another  by  a  bile  capillary,  and 
these  form  for  the  wliole  acinus  a  contimcous  inter- 
communicating  network  of  minute  channels.  Where 
the  liver  cells  are  in  contact  with  a  capillary  blood- 
vessel, there  are  no  bile  capillaries. 

281.  At  the  margin  of  the  acinus  the  bile  capil- 
laries are  connected  with  the  lumen  of  minute  tubes  ; 
these  possess  a  membrana  propria  and  a  lumen  lined 
with  a  single  layer  of  transparent  polyhedral  epithelial 
cells.  These  are  the  small  interlobular  bile  ducts 
(Fig.  222).  Their  epithelial  cells  are  in  reality 
continuous  with  the  liver  cells.  These  ducts  join 
and  form  larger  interlobular  bile  ducts,  lined  with 
more  or  less  columnar  epithelium.  The  first  part  of 
the  bile  duct  lined  with  polyhedral  cells  corresponds 
to  the  intermediary  part  of  the  ducts  of  the  salivary 
glands.  The  interlobular  bile  ducts  form  networks 
in  the  interlobular  tissue.  Towards  the  hilum  they 
become  of  great  diameter,  and  their  wall  is  made  up 
of  fibrous  tissue,  and  in  it  are  bundles  of  non-striped 
muscular  cells.  Small  mucus-secreting  glands  are  in 
their  wall,  and  open  into  their  lumen. 

The  wall  of  the  hepatic  duct,  and  of  the  gall 
bladder,  are  merely  exaggerations  of  a  large  bile  duct. 

282.  Tiie  hepatic  artery  follows  in  its  ramification 
the  interlobular  veins.  The  arterial  branches  form 
plexuses  in  the  interlobular  tissue,  and  they  supply 
the  capillary  blood-vessels  of  the  interlobular  connective 
tissue,  and  especially  of  the  bile  ducts.  The  capillary 
blood-vessels  of  the  bile  ducts  join    so   as   to   form 
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small  veins,  which  finally  empty  themselves  into 
the  hepatic  veins.  The  anastomoaes  between  the 
capillary  blood  -  vessels,  derived  from  the  arterial 
■  branches,  and  the  capillary  blood-vesaels  of  the  acini, 


B  Keotion  througli  tlie  Ltvcr  of  Rabbit 
■M  injected;  showing  the  diatributiou  of  mouuo 
QchleCa  between  the  liver  eella.    (f  hMiwrapt. 


are  insignificant  (Cohnheim  and  Litten).  The  serous 
covering  of  the  liver  contains  special  arterial  branches 
— rami  capsulares.  Networks  of  lymphatics — de.ep 
ly7nphatici~a,Te  present  in  the  interlobular  connective 
tissue,  forming  plexuses  around  the  interlobular  blood- 
vessels and  bile  ducts,  and  occasionally  forming  a 
perivascular  lymphatic  around  a  branch  of  the  hepatic 
vein.     Within  the  acinus,  the  lymphatics  are  reiji^i- 
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sented  only  by  spaces  and  clefts  existing  between  the 
liver  cells  and  capillary  blood-vessels ;  these  are  the 
intralobular  lymphatics  (Macgillivray,  Frey,  and 
others).  They  anastomose  at  the  margin  of  the 
acinus  with  the  interlobular  lymphatics. 

In  the  capsule  of  the  liver  is  a  special  network 
of  lymphatics  called  the  superficial  lyinpliatics. 
Numerous  branches  pass  between  this  network  and 
the  interlobular  lymphatics. 
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CHAPTER  XXX. 

THE    ORGANS   OP    RESPIRATION. 

283.  I.  The  larynx. — The  supporting  frame- 
work of  the  larynx  is  formed  by  cartilage.  In  the 
epiglottis  the  cartilage  is  elastic  and  reticulated — i.e. 
the  cartilage  plate  is  perforated  by  numerous  smaller 
and  larger  holes.  Tlie  cartilages  of  Santorini  and 
Wrisbergii,  the  former  attached  to  the  top  of  the 
arytenoid  cartilage,  the  latter  enclosed  in  the  aryteno- 
epiglottic  fold,  are  also  elastic.  The  thyroid,  cricoid, 
and  arytenoid  cartilages  are  hyaline.  All  these  are 
covered  with  the  usual  perichondrium. 

A  small  no  lule  of  elastic  cartilage  is  enclosed  in 
the  front  part  of  the  true  vocal  cord.  This  is  the 
cartilage  of  Luschka. 

The  mucous  membrane  lining  the  cavity  of  the 
larynx  (Fig.  225)  has  the  following  structure  : — 

The  internal  or  free  surface  is  covered  with 
ciliated  stratified  columnar  epithelium  ;  the  most 
superficial  cells  are  conical  cells  with  cilia  on  their 
free  surface  ;  then  between  the  extremities  of  thc^se 
cells  are  wedged  in  spindle-shaped  and  inverted 
conical  cells.  Numerous  goblet  cells  are  found 
amongst  the  superficial  cells.  The  two  surfaces  of 
the  epiglottis  and  tlu^  truci  vocal  coixls  art?  cov(Ted 
with  stratijied  pavement  epithelhtm. 

Underneath  the  epithelium  is  a  basement  mem- 
brane separating  the  former  from  the  nnuums  mem- 
brane proper. 

284.  Themucoas  membrane  \h  v\vA\cs\.\iVi  ^vi\\\\vjviCxNv*i 
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tifwuo  with  1  iin  ero  is  lympl  corpuHtlcsH  In  tho  pos- 
terior Hurface  of  tlie  ep  glott  m  i  tl  f  iImp  vooqI  cords, 
and  eHpecuilly  in  tl  u     entr  cl     of  tl  e   I  >ryrix,   thiit 


,^ 


4>TrDfl  Timl  fArilj  h.  fain  vml  ronli  tf.iMiilulriif  «ljiiLilr  nrtllAffii  Cnnllmii 
of  Luik-bkAFc  A,  vi-nlrlrrri  f.  jTrjir-lut^r  \\wt\M  i  ih.  ljiiiillBf>ri  uf  rtlD  t)ltri>- 
■ry  UihM  aiuiKlo  In  inurvrw  hcmIub. 

infiltration  KRiountH  to  difTusu  mlunoid  tiKHUii,  and 
even  to  tlio  louiliiMtion  of  tliiu  im  iyitiph  follidoR, 
In  liotli  Murfiiot'B  of  tlifi  eiiij{liittiii,  mid  in  tlm  true 
vocal  conlH,  thn  niiicoKa  oxti^mlH  into  lint  NtnitifioU 
pavitment  djiitlioliuni  in  tin;  Nlin|i(!  of  tiiinuto  pajiillu:. 

In  tli<!  lownr  \iaxi  of  tlio  larynx  tlu!  niiicoiiH  nicdn- 
hrane  (Xi/ituins  liuiidt(;)<  of  elautiu  libron  conn<t(<t(Ml  into 
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networks,  and  running  in  a  longiludinal  direction. 
These  elastic  fibres  are  found  chiefly  in  the  superAcial 
parts  of  tlie  mucous  membrane.     In  the  true  vocal 


cords  the  mucosa  is  entirely  mode  up  of  elastic  fibres 
extenJiiig  in  the  direction  of  the  vocal  cords. 

285.  The  deeper  part  of  the  mucous  membrane  is 
of  IcMXse  texture,  and  corresponds  to  the  submucosa  ; 
in  it  are  embedded  numerous  nmciinn  ffUtuda,  the 
ducts  of  which  pass  through  the  muco8a  and  open  nn 
the  free  sui-face.  The  alveoli  of  the  (glands  are  of  the 
nature  of  mucous  alveoli — i.e.  a  considerable  lumen 
lined  with  a  layer  of  mucous  gobltit  cells.     1'here  are, 
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tisaue  with  numeroiia  lymph  corpuscles.  In  the  pos- 
terior surface  of  tlie  epiglottis,  in  the  false  vocal  corda, 
and  eBpeoially  in  the  ventricle  of  the   larynx,  this 


Fig.  23a._From  a  Longitud 


infiltration  amounts  to  diSuse  adenoid  tissue,  and 
even  to  the  localisation  of  this  as  lymph  follicles. 
In  both  surfaces  of  the  epiglottis,  and  in  the  true 
vocal  cords,  the  mucosa  extends  into  the  stratified 
pavement  epithelium  in  the  shape  of  minute  papillce. 

In  the  lower  part  of  the  larynx  the  mucous  mem- 
br&ne  contains  bundles  of  elastic  fibres  connected  into 
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networks,  and  running  ia  a  longitudinal  direction. 
These  elastic  fibres  are  found  chiefly  in  the  Bupeificial 
parta  of  the  mucous  membrane.     In  the  true  vocal 


cords  the  mucosa  is  entirely  made  up  of  elastic  fibres 
extending  in  the  direction  of  tlie  vocal  cords. 

285.  The  deeper  part  of  the  mucous  membrane  is 
of  loose  texture,  and  corresponds  to  the  submucoaa  ; 
in  it  are  embedded  numerous  mncoiis  glands,  the 
ducts  of  which  pass  through  the  mucosa  and  open  on 
the  free  surface.  The  alveoh  of  the  glands  are  of  the 
nature  of  mucous  alveoli — i.e.  a  considerable  lumen 
lined  with  a  layer  of  mucous  goblel  cells.     There  are, 
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liowever,  aUo  Hlveoli  lined  witli  columnar  albuminous 
cellE,  and  such  as  have  Inthsideby  side,  as  is  the  case 


^^^^ 
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III  the  Hiihlingiial  gland  at  tin  dog  The  ciliated 
cpithHiuni  nf  th<i  MuiiM  in  souir  i>1ac(<H  t  xtt.<nds  also 
for  It  short  distant  into  the  ducth  Thi  true  vocal 
cords  1i>i\(  no  muuiuH  glands 

The  hlood-voHsds  tcriiiinrit.f  with  the  ca|.illary  not- 
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work  in  the  superficial — i.e,  sub-epithelial — layer  of 
the  mucosa ;  where  thero  are  papillw — 1.«9.  in  the 
epiglottis  and  true  vocal  cords — these  receive  a  loop 
of  capillary  blood-vessels.  The  lymphatics  form  super- 
ficial networks  of  fine  vessels  and  deep  submucous 
networks  of  large  vessels.  These  are  of  enormous 
width  and  size  in  the  membrane  of  the  anterior  sai*face 
of  the  epiglottis.  The  finer  nerves  form  superficial 
plexuses  of  non-medullated  fibres,  some  of  which  ter- 
minate, according  to  Luschka  and  Boldyrew,  as  end 
bulbs.  Taste  buds  have  been  found  in  the  epithelium 
of  the  posterior  surface  of  the  epiglottis  (V(rson, 
Schotield,  Davis),  and  also  in  that  of  the  deeper  parts 
of  the  larynx  (Davis). 

286.  II.  The  trachea. — The  trachea  is  very 
similar  in  structure  to  the  lower  part  of  the  larynx, 
from  which  it  difi'ers  merely  in  possessing  the  rings 
of  hyaline  cartilage,  and  in  containing,  in  the  posterior 
or  membranous  portion,  transverse  bundles  of  non- 
striped  muscular  tissue,  extending  horizontally  between 
the  ends  of  the  rings.  Its  component  parts  are  (Figs. 
220,  227,  228)  :— 

(a)  a  stratified  columnar  ciliated  epithelium  ; 
{b)  a  basement  membrane ; 

(c)  a  mucosa,  with  the  terminal  networks  of  capil-' 
lary  blood-vessels,  and  infiltrated  with  adenoid  tissue  ; 

(d)  a  layer  of  longitudinal  elastic  fibres  connected 
into  networks ; 

{e)  a  loosely  textured  submucous  tissue,  contain- 
ing the  large  vessels  and  nerves  and  small  mucous 
glands.  Occasionally  the  gland  or  its  duct  is  em- 
bedded in  a  lymph  follicle. 

287.  III.  The  bronchi  and  the  lung. — 
The  V)ronchi  ramify  within  the  lung  dendritically 
into  finer  and  finer  tubes.  The  finest  brandies  are 
the  terminal  bronchi.  Jn  the  bronchi  we  find,  instead 
of  rings  of  hyaline  cartilage,  as  in  the  trachea,  larger 
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and  smaller  obloug  or  in-eguUrly-shaped  plates  of 
hyaline  cartilage  distributed  more  or  less  uniformly 
in  the  circumference  of  the  wall.  Towards  the  HinaU 
microscopic  bronchi  these  cartilage  plates  gradually 
diminish  in  size  and  number.      The  epithelium,   tb» 


rii  CL1M.°  [PU  ,    ., 

Ixtwnu-nt  niemUninc,  the  sub-opitlieliiil  mucosa,  and 
the  layiT  of  liiiii.'ttu<liiinl  ckstt<-  fUircH.  remain  the 
Mine  iV-.  in  llif  tracln-ii.  Thf  subiiuic<iUH  tissue  con- 
tiiins  sniHll  niucous  k'"""!"- 

L'SS.  Kftwt'rii  tlie  sub-ipitheliiil  tiiufoHa  and  the 
siiliiiiueoRn  is  a  fonl'iiiuiiiH  liiyr  r;/'  rirviilar  noii- 
tlrifu-d  miigenliir  tissue,     in  the  Kiiialler  niieroaoopic 
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bronchi  this  layer  is  one  of  the  most  conspicuous,  ^y 
the  contraction  of  the  circular  muscular  coat  the 
mucosa  is  placed  in  longitudinal  folds. 

The  state  of  contraction  and  distension  of  the 
small  bronchi  bears  an  important  relation  to  the  aspect 
of  the  epithelium,  which  appears  as  a  single  layer  of 
columnar  cells  in  the  distended  bronchus,  and  as 
stratified  when  the  bronchus  is  contracted. 

The  distribution  of  the  blood-vessels  is  the  same 
as  in  the  trachea.  Lymph  follicles  are  met  with  in 
the  submucous  tissue  of  the  bronchial  wall  in  animals 
and  man. 

The  lymphatic  networks  of  the  bronchial  mucous 
membrane  are  very  conspicuous.  Tliose  of  the  sub- 
mucous tissue — i.e.  the  peribronchial  lympJuitics — 
anastomose  with  those  surrounding  the  pulmonary 
blood- vessels. 

Pigment  and  small  particles  can  be  easily  absorbed 
through  the  cement  substance  of  the  epithelium  into 
the  radicles  of  the  superficial  lympliatics,  whence  they 
pass  readily  into  the  (larger)  |ieriV>ronchial  lymphatics. 

In  connection  with  the  nerve  branches  in  the 
bronchial  wall  are  minute  ganglia. 

289.  Each  terminal  bronchiole  branches  into 
several  wider  tubes  called  the  alveolar  ducts,  or 
infutidibula  ;  each  of  these  branches  again  into  several 
similar  ducts.  All  ducts,  or  infundibula,  are  closely 
Vieset  in  their  whole  extent  with  spherical,  or,  being 
pressed  against  one  another,  with  |)olygonal  vesicles — 
the  air  cells  or  alveoli- ~o\M^\ni\g  by  a  wide  aperture 
into  the  alveolar  duct  or  infundibulum,  but  not  com- 
municating with  each  other.  The  infundibula  are 
much  wider  than  the  terminal  bronchioles,  and  also 
wider  than  the  alveoli. 

290.  All  infundibula  with  their  air  cells,  belonging 
to  one  terminal  bnmchiole,  represent  a  conical  struc- 
ture, the  apex  of  which   is  formed  by  the  teniuw^V 
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bronchus,  i^ucli  a  conical  maHs  ih  a  lobiile  of  the 
luiig,  and  tile  whole  tisHue  of  the  lung  in  made  up  of 
Hucli  Ioliul(!H  cloNety  aggrogated,  and  arranged  an  lobeg. 
The  lobules  are  Heparated  from  one  nnotlier  by  deli- 
cate fibi'ous  connective  tiMiiie  ;  thia  fornin  a  continuity 


with  the  connective  tiwiue  accotn|>aiiyirig  tliii  Iminchial 
tuhan  iinil  liirgi!  vaKCMiliir  truiilcH,  and  with  thexe  is 
truwablc  to  tlie  hiluiti.  On  the  other  hand,  the  inter- 
li)bi[lar  connective  Iinkuo  of  tlic  Nupi'rf Iciul  jHirte  of  the 
lung  is  contiinuniH    with    the    tiiirous    tisHue   of    the 
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surface  called  the  pleura  pulmonalis.  This  membrane 
contains  numerous  elastic  fibres,  and  on  the  free 
surface  is  covered  with  a  layer  of  endothelium. 

In  some  instances  (guinea-pig)  the  pleura  pulmo- 
nalis contains  bundles  of  non-striped  muscular  tissue^ 

The  lobes  of  the  lung  are  separated  from  one 
another  by  large  septa  of  connective  tissue— the  liga- 
menta  pulmonis. 

291.  The  terminal  bronchi  contain  no  cartilage 
or  mucous  glands  in  their  wall.  This  is  made  up  of 
three  coats  :  (a)  a  delicate  epithelium — a  single  layer 
of  small  2)olyhedral  granular -looking  cells ;  (b)  a 
circular  coat  of  non-striped  muscular  tissue ;  and  (c) 
a  fine  adventitia  of  elastic  fibres,  arranged  chiefly  as 
longitudinal  networks. 

292.  Tracing  the  elements  constituting  the  wall 
of  a  terminal  bronchiole  into  the  infundibula  and  air 
cells  (Fig.  229)  we  find  the  following  changes  :  (a)  the 
polyhedral  granular-looking  epithelial  cells  forming 
a  continuous  lining  in  the  terminal  bronchiole  are 
traceable  into  the  infundibulum  only  as  larger  or 
smaller  groups ;  l)etween  these  groups  of  small  poly- 
hedral granular-looking  cells  large,  flat,  transparent, 
homogeneous,  nucleated,  epithelial  scales  make  their 
appearance.  Tlie  farther  away  from  the  terminal 
bronchiole,  the  fewer  are  the  groups  of  polyhedral 
granular-looking  cells.  In  all  infundibula,  however, 
the  transparent  scales  form  the  chief  lining.  This 
becomes  still  mon;  marked  in  the  air  cells.  There  the 
small  polyhedral  granular-looking  cells  are  tmceable 
only  singly,  or  in  groups  of  two  or  three  (Elens),  the 
rest  of  tiie  cavity  of  the  rir  cells  being  lined  with  the 
large  transparent  scales. 

In  the  foetal  state  all  cells  lining  the  infundilmla 
and  air  cells  are  of  the  small  polyhedral  granular- 
looking  variety  (Kiittner).  With  the  expansion  of 
the  lungs  during  the  first  inspiration  many  of  tlvea^ 
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cells  change  into  the  large  tranS|tarent  scales,  in  oi-der 
to  makt;  up  for  tlie  increment  iif  Bui-fiice.  A  lung 
expanded  ad  niaximum  shows  much  fewer  or  none  of 
the  small  polyhedral  cellfl  ;  while  a  lung  that  is  col- 
]a))Hed  shows  Iheni  in  groups  in  the  iufundibula,  and 
isolated  or  in  twos  or  threes  in  tliv  iilre<ili. 


'Jli.'t,  {/')  Till'  circulitr  emit  of  iiiin-stri]ie<l  mnnciilHr 
tisKUi-  (if  the  l<Tmin:il  hroiirliiojc piKs.-s  :is  ji coiitinuoiis 
.■iiriiliir  i-..:it  -liiit  Mli;ilitly  ihiiim-r— uii  to  thi-  alvt>olnr 
diK-tK  cir  iufuiiilihiilii.  iu'tln'tr  whnli'  I'xtont,  hut  not 
U-yimd  th i\-.  not  on  to  th.-  nir  .-.■lis. 

(.-1  Tlic  :iilv('iiti(in  of  clustii-  ij.>(w..rks  is  ontiiiuecl 
on  tiji'  iiifinKlibiiJa.  iiiid  iIii'Ikv  on  tli>'  ;iii- cells,  where 
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it  forms  an  essential  part  of  the  wall  of  the  alveoli, 
being  its  framework. 

Amongst  the  network  of  elastic  fibres  forming  the 
wall  of  the  alveoli  is  a  network  of  branched  connec- 
tive-tissue cells,  contained  as  usual  in  similarly-shaped 
branched  lacunae,  which  are  the  radicles  of  the  lym- 
phatic vessels. 

294.  The  blood-vessels  and  lymphatics. — 
The  branches  of  the  pulmonary  artery  and  veins  are 
contained  within  the  connective  tissue  separating  the 
lobes  and  lobules,  whence  they  can  be  traced  into 
their  finer  ramifications  towards  the  infundibula  and 
air  cells.  Each  of  these  latter  is  surrounded  by  a  sort 
of  basket-shaped  dense  network  of  capillary  blood- 
vessels (Figs.  230  and  231).  The  capillary  networks 
of  adjacent  alveoli  are  continuous  with  one  another, 
and  stand  in  communication  on  the  one  hand  with  a 
branch  of  the  pulmonary  artery,  and  on  the  other  with 
branches  of  the  pulmonary  vein.  The  branches  of 
the  bronchial  artery  belong  to  the  bronchial  walls, 
which  are  supplied  by  them  with  capillary  networks. 

The  lacunae  and  canaliculi  in  the  wall  of  the 
alveoli,  mentioned  above,  are  the  rootlets  of  lymphatic 
vessels,  which  accompany  the  pulmonary  vessels,  and 
form  a  network  around  them ;  these  are  the  deep 
lymphatics,  or  the  'perivascular  lympluttics.  They  are 
connected  also  with  the  networks  of  lymphatics  sur- 
rounding the  bronchi,  ix.  the  peribronchial  lymphatics. 
The  rootlets  of  the  superficial  air  cells  empty  them- 
selves into  the  sub-pleural  plexus  of  lymphatics^  a  rich 
plexus  of  large  lymphatics  with  valves.  All  these 
lymphatics  lead  by  large  trunks  into  the  bronchial 
lymph  glands. 

295.  Between  the  flattened  transparent  epithelial 
cells  lining  the  alveoli  are  minute  openings,  stomata 
(Fig.  229),  leading  from  the  cavity  of  the  air  cells  into 
the  lymph  lacunae  of  the  alveolar  W9,IU    TK^i&'e.^tftNsa^A. 
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'J!>6.  The  cnpnile   oiiveloinng   lli>'  splmtn    is  n 
M>rou!i  iiieiiihi-niio— tlio  [>eritoin>uin.     It  ia  n  wiiiicc- 
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kindH  of  tissues  :  (a)  the  Malpighian  corpuscles  ;  and 
(^)  the  pulp  tissue. 

297.  The  iVIalpigliiaii  corpascrles  are  masses 
of  adenoid  tissue  connected  with  the  branches  of  the 
splenic  artery.  Following  the  chief  arterial  trunks  a« 
they  pass  in  the  big  trabeculse  towards  the  interior 
of  the  spleen,  they  are  seen  to  give  off  numerous 
smaller  branches  to  the  spleen  parenchyma ;  these  are 
ensheathed  in  masses  of  adenoid  tissue,  which  are 
either  cylindrical  or  irregularly-shajied,  and  in  some 
places  form  oval  or  spherical  enlargements.  These 
sheaths  of  adenoid  tissue  are  traceable  to  the  end  of 
an  arterial  branch ;  and  in  the  whole  extent  the 
adenoid  tissue  or  Malpighian  corpuscle  is  supplied  by 
its  artery  with  a  network  of  capillary  blood-vessels. 

298.  The  rest  of  the  spleen  parenchyma  is  made  up 
of  the  pulp.  The  matrix  of  this  is  a  honeycombed, 
spongy  network  of  fibres  and  septa,  which  are  the 
processes  and  Ixxlies  of  large,  flattened,  endotheloid 
cells,  each  with  an  oval  nucleus.  In  some,  especially 
young,  animals,  some  of  these  cells  are  huge  and 
multinucleated.  The  spaces  of  the  honeycombed  tissue 
are  of  different  diameters,  some  not  larger  than  a  blood 
corpuscle,  others  large  enough  to  hold  several.  All 
spaces  form  an  intercommunicating  system.  The 
spaces  contain  nucleated  lymph  corpuscles,  more  or 
less  connected  with  and  derived  from  the  cell  plates 
of  the  matrix.  But  they  do  not  fill  the  spaces,  so 
that  some  room  is  left,  large  enough  to  allow  blood 
corpuscles  to  [>ass. 

The  spaces  of  the  honeycoml>e<l  pulp  matrix  are  in 
communication,  on  the  one  hand,  with  the  ends  of  the 
capillary  blood-vessels  of  the  Malpighian  corpuscles, 
and,  on  the  other,  they  oj>en  into  the  venous  radicles 
or  siiiuses  (Fig.  234),  which  are  oblong  spaces  lined 
with  a  layer  of  more  or  less  polyhedral  endothelial  cells. 
These  sinuses  form  networks,  and  lead  into  tlw  lar^ 
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corpuscles,  whence  it  travels  into  the  labyrinth  of 
minute  spaces  in  the  honeycombed  pulp  matrix ; 
thence  it  passes  into  the  venous  sinuses,  and  finally 
into  the  venous  trunks.  The  current  of  blood  on  \Xa 
passage  through  the  pulp  tissue  becomes,  therefore, 
greatly  retarded.  Under  these  conditions  numerous 
red  blood-corpuscles  appear  to  be  taken  up  by  the 
cells  of  the  pulp,  some  of  which  contain  several 
in  their  interior.  In  these  corpuscles  the  blood  discs 
become  gradually  broken  up,  so  that  finally,  only 
granules  and  small  clum|js  of  blood  pigment  are  left 
in  them.  Tlie  presence  of  blood  pigment  in  the 
corpuscles  of  the  pulp  is  explained  in  this  way ;  and 
it  is  therefore  said  that  the  pulp  tissue  is  a  destroyer  of 
red  blood -corpuscles. 

The  pulp  tissue  is  most  probably  the  birthplace  of 
colourless  blood-corpusclcis;  and  according  to  Bizzozero 
and  Salvioli  it  is  also  the  birthplace  of  red  blood- 
corpuscles. 

The  lymphatics  form  plexuses  in  the  ca{)6ule 
(Tomsa,  Kyber).  These  are  continuous  with  the  plexus 
of  lymphatics  of  the  trabecular ;  and  these  again  with 
the  plexus  of  lymphatics  in  the  adventitia  of  the 
arterial  trunks. 

NanrfiiedullniUid  nerve fibren  have  l>een  traced  along 
the  arterial  branches. 
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CHAPTER   XXXII. 

THE   KIDNEY,    URETER   AND    BLADDER. 

300.  A.    The  ft'ainework. 

The  kidney  poHBemen  a  thin  investing  capHule  com- 
posed of  fibrous  tissue,  more  or  less  of  a  lamellar 
arrangement.  Bundles  of  fibrous  tissue  pass  with 
blood-vessels  between  the  deeper  part  of  the  capsule 
and  the  parenchyma  of  the  periphery.  According 
to  Eberth,  a  plexus  of  non-striped  muscle  cells  is 
situated  underneath  the  capsule. 

The  ureter  entering  the  hilum  enlarges  into  the 
pelvis  of  the  kidney,  and  with  its  minor  recesses  or 
prolongations  forms  the  calices.  Both  the  pelvis  and 
the  calices  are  limited  by  a  wall  which  is  a  direct  con- 
tinuation of  the  ureter.  The  internal  free  surface  is 
lined  with  stratified  transitional  epithelium.  Under- 
neath the  epithelium  is  a  fibrous  connective -tissue 
membrane  (the  mucosa),  containing  the  networks  of 
capillary  blood-vessels  and  fine  nerve  fibres.  Outside 
the  mucosa  and  insensibly  passing  into  it  is  the 
loose-textured  submucosa,  with  groups  of  fat  cells. 
There  are  present  in  the  submucosa  bundles  of 
non-striped  muscular  tissue,  continued  from  the 
ureter,  in  the  shape  of  longitudinal  and  circular 
bundles. 

In  the  pelvis  of  the  kidney  of  the  horse  small 
glands  (simple  or  branched  tubes),  lined  with  a  single 
layer  of  columnar  epithelial  cells,  have  been  observed 
by  Paladino,  Hertoli,  and  Egli.  The  last-named 
mentions  also  that  in  the  pelvis  of  the  human  kidney 
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there  are  gland-tubes  similar  in  structure  to  sebaceous 
follicles. 

301.  The  large  vascular  trunks  enter,  or  pass  from 
the  tissues  of  the  calices  into  the  parenchyma  of  the 
kidney  between  the  cortex  and  medulla,  and  they  are 
accompanied  by  bundles  of  fibrous  connective  tissue 
and  a  few  longitudinal  bundles  of  non-striped  muscular 
tissue,  thereby  separating  the  individual  Malpighian 
pyramids. 

The  parenchyma  itself  contains  very  scanty  fibrous 
connective  tissue,  chiefly  around  the  Malpighian  cor- 
puscles and  around  the  arterial  vessels,  especially  in 
the  young  kidney.  In  the  papiNa;  there  is  relatively 
a  great  amount  of  fibrous  tissue.  On  the  surface  of 
the  papillae  (facing  the  calices)  there  is  a  continuous 
layer  of  fibrous  tissue,  and  this  on  its  free  surface 
is  covered  with  stratified  transitional  epithelium. 

'Jlie  parenchyma  of  the  kidney  consists  entirely  of 
the  urinary  tubules  and  the  intertubular  blood-vessels, 
and  there  is  an  interstitial  or  intertubular  connective- 
tissue  framework  in  the  shape  of  honeycombed  hyaline 
membranes  with  flattened  nucleated  branched  or 
spindle-shaped  cells.  The  meshes  of  the  honeycomb  are 
the  spaces  for  the  urinary  tubules  and  blood-vessels. 

302.  B.  The  parenctiyma. — I.  The  urinary 
ivhules  (Fig.  235). — In  a  transverse  or  longitudinal 
section  through  the  kidney  we  notice  the  cortex^  the 
boundary  layer  of  Ludwig  and  the  papillary  portions, 
the  last  terminating  in  the  conicsl  jyapilUe  in  the  cavity 
of  the  calices. 

The  boundary  layer  and  the  papillary  portion 
form  the  medulla.  A  papilla  with  the  papillary 
portion  and  boundary  layer,  continuous  with  it, 
constitutes  a  Malpighian  pyramid.  The  medulla  of 
the  human  kidney  contains  about  a  dozen  of  such 
Malpighian  pyramids. 

303.  The     cortex     contains     vast    uuuvb^^^    <5k^ 
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convoluted  tubules  with  their  caecal  origin  in  the 
Malpighian  corpuscles  ;  this  is  the  labyrinth  separated 
into  numerous  divisions  of  equal  breadth  by  regularly- 
disposed  straight  striae  originating  a  short  distance 
from  the  outer  capsule,  and  radiating  towards  the 
boundary  layer  through  which  they  pass.  Each  of 
these  strise  is  a  bundle  of  straight  tubules,  and 
represents  a  medullary  ray.  The  boundary  layer 
shows  a  uniform  vertical  striation,  in  which  opaque 
and  transparent  striae  alternate  with  one  another.  The 
opaque  striae  are  continuations  of  the  medullary  rays, 
the  transparent  striae  are  bundles  of  blood-vessels. 

The  papillary  portion  is  uniformly  and  vertically 
striated. 

Tracing  a  medullary  ray  from  the  boundary  layer 
into  the  cortex,  it  is  seen  that  its  breadth  gradually 
diminishes,  and  it  altogether  ceases  at  a  short  distance 
from  the  outer  capsule.  A  medullary  ray  is,  con- 
sequently, of  a  conical  shape,  its  apex  being  situated 
at  the  periphery  of  the  cortex,  its  base  in  the 
boundary  layer.  Such  a  pyramid  is  called  a  pyramid 
of  Ferrein. 

304.  All  urinary  tubules  commence  as  convoluted 
tubules  in  the  part  of  the  cortex  named  the 
labyrinth,  but  not  in  the  medullary  rays,  with  a 
caecal  enlargement  called  a  Malpighian  corpttscle,  and 
terminate — having  previously  joined  with  many  other 
tubules  into  larger  and  larger  ducts— at  one  of  the 
many  minute  openings  or  mouths  at  the  apex  of  a 
papilla.  On  their  way  the  tubes  several  times  alter 
their  size  and  nature. 
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there  Ih  a  oontinuouH  layer  of  nucleated  epithelial 
cellH,  in  the  young  Htate  of  polyhedral  nhape,  in  the 
adult  Htate  Hquamou8. 

The  ylonierulua  is  a  network  of  convoluted 
capillary  blood-veHselH  Heparated  from  one  another 
by  Hcanty  connective  tissue,  chiefly  in  the  shape 
of  a  few  connective-tisHue  corpuscles.  The  capil- 
laries are  grouped  together  in  two  to  five  lobules. 
The  whole  surface  of  the  glomerulus  is  lined  with 
a  delicate  meinbrana  propria,  and  a  continuous  layer 
of  nucleated  epithelial  cells,  polyhedral,  or  even 
columnar  in  the  young,  squamous  in  the  adult  state. 
The  membrana  propria  and  epithelium  dip  in,  of 
course,  between  the  lobules  of  the  glomerulus,  and 
represent  in  reality  the  visceral  layer  of  the  capsule 
of  the  Malpighian  corpuscle,  the  capsule  of  Bowman 
being  the  parietal  layer.  The  glomerulus  is  connected 
at  one  pole  with  an  afferent  and  efferent  arterial  vessel, 
the  former  being  the  larger  of  the  two. 

Between  Bowman's  capsule  and  the  glomerulus 
there  is  a  space,  the  size  of  which  differs  according 
to  the  state  of  secretion,  being  chiefly  dei)endent  on 
the  amount  of  fluid  present. 

The  Malpighian  corpuscles  are  distributed  in  the 
labyrinth  of  the  cortex  only,  with  the  exception  of  a 
thin  peripheral  layer  near  the  out(?r  capsule,  and  a 
still  thinner  layer  near  the  boundary  layer.  The 
Malpighian  corpuscles  near  the  boundary  layer  are 
the  largest,  those  near  the  periphery  the  smallest ;  in 
the  human  kidney  their  mean  diamciter  is  about  ,.]„ 
of  an  inch. 

300.  (2)  On  the  side  opposite  to  that  where  the 
afferent  and  efferent  arterioles  join  the  glomerulus, 
the  capsule  of  Bowman  passes  through  a  narrow  yieck 
into  the  cylindrical  urinary  tubule  in  such  a  way 
that  the  membrana  propria  and  epithelium  of  the 
capsule  are  continued  as  the  membrana  \)ro\»vvw.  ^vA 
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TYiM;  f^ftyxinial  <C9rynv<j»lat«ir|  tCflji^  a|y|««-ai^  «irj«M:tifllM!M» 

tbiick^ir  tban  at  ^aUmt  tltmatt :  in  ibx;'  fintt  lOMKr,  it« 
IcfttiMf^  ii^  ftmaJlier,  ImiI  tu  lining  #!|i>ftl»<(rliaJ  <cHU  are 
4i«tinictlj  more  or^lumnar,  ll$vt  Mf-siU:  Im  |#rv4jal>lr 
e«rjfnn«!Kl«erl  wiib  tbi^  *tAiUr  ^j»f  **¥'rv^ii»f^, 

i^nrnl  ttn3mU  i^atAtsuMfim ^^,  Tbi*  <tJjlB('r<k  ffvmi  tlm«; 
UfmtUT  in  tj«in$^  «iliiat(nr|  n^A  in  ib^  labirnintb^  l>f«jt  in 
a  ttmndlifllaiy  rar«  in  i*bi<:b  ii  i*^rttt^  mt*-  iym.\\ti*:wmik 
«ifbjr«ii«ent,  aivl  m  tua  Iji^njf  ^yjif^^yj^fliyiiUHrJ,  luat  n>^jprv«  or 
kitM  f^rmi^t^  «lij^iily  waivr^  af;.<i  4tf>tr^|,  lu  iifuii<rkru'^M 
an#l    Imnvifm    au^  tt^*    ^amu*'    aa    in   ib«f;    if>j«rtnii^ :    '\%m 

vod^lieriily  ^rwsanJy  r*T**iva^l  in  ubi^Hcre^-fc* ;  i?.  t^ifinu'.***  xi 
i»A    n«^«i.lMraeia.    j^-r'^f^na    i.Jt    ry*'*"    liiM-^'t   Wiflri    a    »'gf.;;li^ 
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lining   epithelium    of   the    tubule    respectively,    and 
the   apace   between   the    oa];>Bu1e    of    Bowman     and 


',®S»«iS. 


tlie  glomerulus  becomes  the  cavity  or  lumen  of  the 
uriniiry  tubule. 

307.  (3)  After  it  hus  passed  the  neck,  the  urinary 
tubule  beconies  convoluted  ;  this  is  the  pro.vimal  con- 
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voluted  tubule  (Fig.  237).  It  is  of  considerable  length 
and  is  situated  in  the  labyrinth.  It  has  a  distinct 
lumen,  and  its  epithelium  is  a  single  layer  of  polyhedral 
or  short,  columnar,  angular,  or  club-shaped  cells,  each 
with  a  spherical  nucleus.  These  cells  commence  gene- 
rally at  the  neck,  but  in  some  animals — e.g,  in  the 
mouse — they  already  have  begun  in  the  Malpighian 
corpuscle.  The  outer  part  of  the  cell  protoplasm — i.e. 
next  the  membrana  propria — is  distinctly  striated, 
owing  to  the  presence  of  rod-shaped  fibrils  (Heiden- 
hain)  vertically  arranged.  The  inner  part  of  the  cell 
substance — i.e.  between  the  nucleus  and  the  inner 
free  margin — appears  granular.  Epithelial  cells  the 
protoplasm  of  which  possesses  the  above  rod-shaped 
tibrils  will  in  the  following  paragraphs  be  spoken  of 
as  fibril  lated  cells. 

The  proximal  convoluted  tube  appears  sometimes 
thicker  than  at  other  times ;  in  the  first  case,  its 
lumen  is  smaller,  but  its  lining  epithelial  cells  are 
distinctly  more  columnar.  This  state  is  probably 
connected  with  the  state  of  secretion. 

308.  (4)  The  convoluted  tube  passes  into  the 
spiral  tubule  (Schachowa).  This  differs  from  the 
former  in  being  situated  not  in  the  labyrinth,  but  in 
a  medullary  ray,  in  which  it  forms  one  conspicuous 
element,  and  in  not  being  convoluted,  but  more  or 
less  straight,  slightly  wavy,  and  spiral.  Its  thickness 
and  lumen  are  the  same  as  in  the  former ;  its 
epithelium  is  a  single  layer  of  polyhedral  cells,  with 
distinct  indication  of  fibrillation. 

309.  (5)  Precisely  at  the  line  where  the  cortex 
joins  the  boundary  layer,  the  spiral  tube  becomes 
suddenly  greatly  reduced  in  thickness ;  it  becomes  at 
the  same  time  very  transparent ;  its  lumen  is  distinct ; 
its  membrana  propria  is  now  lined  with  a  single 
layer  of  scales,  each  with  an  oval  flattened  nucleus. 
This  altered    tubule    is  the    ciescendinc^    {oo\^-t'al)e.   vi\ 
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whether  more  or  less  co- 
lumnar— -are  in  direct  re- 
lation to  the  Bize  of  the 
collecting  tube  The  sub- 
stance of  the  epithelial 
c«lls  IS  a  transparent  pro- 
toplasm and  the  nucleus  is 
more  or  less  oiaL 

Mi  In  many  places 
nucleated  cells  spindle- 
shaped  or  branched  can  be 
traced  from  the  membrana 
propria  uf  the  tubule  be- 
tween the  lining  epithe- 
lium and  m  some  cases, 
even  a  delicate  nucleated 
membiane  can  be  seen 
lining  the  surface  of  the 
epithelium  next  the  lumen. 
In  the  frog  the  epithelium 
lining  tlie  Alalpighian  cor 
puscleb  Hud  the  exceed 
ingly  loii^  neck  of  the 
urinary  tubule  ai  e  pos 
sessed  of  long  hlauientous 
tilia  rapidly  movingdurmg 
life  In  the  neck  of  some 
of  the  unnaiy  tubules  in 
iiiammals  there  is  also  an 
iiidicatnn  of  cilia  to  be 
noticed 


I.  Intrrlubulir  irtgrr  i  rl.  IntFrhi 
tein:  ,i.  .l.immifii.  ol  HiliHi 
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Heideabain  has  shown  that  indigo  sulphate  of 
sodium  nje  ted  nto  tl  e  r  uiat  ng  bloo  \  of  he  dog 
and  raV     t     s  e  cr  te  I  th       g]    certa       pa  -ta  o£  tl  e 


"fibrillated "  epithelium.  He  nmintains  that  this 
excretion  ia  effected  through  the  cell  i^iibfitance  ;  but, 
in  tlie  case  of  <^rmine  being  used  as  pigment,  I  have 
not  found  the  SKcretion  to  take  place  through  the 
Hiiyistanue  of  the  epitheliul  cells,  but  through  the 
homogeneous  interstitial  or  cnmont  substance  between 
the  epithelial  cells. 

315.  II.   The  blaod-v«s3elf  (Figa.  238  and  239). 
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The  large  branches  of  the  renal  artery  and  vein 
are  situated  in  the  submucoas  tissue  of  the  pelvis, 
and  they  enter,  or  pass  out  respectively  from,  the  part 
of  the  parenchyma  corresponding  to  the  junction  of 
the  cortex  and  boundary  layer,  where  they  follow  a 
more  or  less  horizontal  course,  and  give  off,  or  take  up 
respectively,  smaller  branches  to  or  from  the  cortex 
and  medulla. 

(1)  In  the  cortex  the  arterial  trunks  give  off  to 
the  cortex  small  branches,  which  singly  enter  the 
labyrinth  in  a  direction  vertical  to  the  surface  of  the 
kidney.  These  are  the  interlobular  arteries.  Each  of 
these,  on  its  way  towards  the  external  capsule  of  the 
kidney,  gives  off,  on  all  sides  of  its  circumference, 
shorter  or  longer  lateral  branches ;  these  are  the 
afferent  arterioles  for  the  Malpighian  corpuscles,  each 
one  entering  a  Malpighian  corpuscle  and  breaking  up 
into  the  capillaries  of  the  glomerulus. 

On  their  way  towards  the  external  capsule,  the 
arteries  become  greatly  reduced  in  size,  and  finally 
enter  the  capillary  network  of  the  most  peripheral 
part  of  the  cortex  ;  but  some  of  these  arterioles  may 
be  also  traced  into  the  outer  capsule,  where  they 
become  connected  with  the  capillary  networks  of  this 
latter.  The  efferent  vessel  of  a  Malpighian  glome- 
rulus at  once  breaks  up  into  a  dense  network  of 
capillary  blood-vessels,  which  surround  in  all  direc- 
tions the  urinary  tubules  of  the  labyrinth.  This 
network  is  continuous  with  that  of  the  capillaries  of 
the  medullary  rays,  the  meshes  being  here  elongated, 
and  the  capillary  blood-vessels,  for  obvious  reasons, 
more  of  a  straight  arrangement.  The  capillaries  of 
the  whole  cortex  form  one  continuous  network. 

316.  The  veins  which  take  up  the  blood  from  this 
network  are  arranged  in  this  manner  : — There  are 
formed  venous  vessels  underneath  the  external 
capsule,  taking   up   like   rays   on   all    sides,   minute 
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radicles  connected  with  the  capillaries  of  the  most 
peripheral  part  of  the  cortex.  These  are  the  ventB 
steUatoe ;  they  pass  into  the  labyrinth  of  the  cortex, 
where  they  follow  a  vertical  course  in  company  with 
the  interlobular  arteries.  On  this  passage  they  com- 
municate with  the  capillaries  of  the  labyrinth,  and 
ultimately  open  into  the  large  venous  branches 
situated  between  cortex  and  boundary  layer. 

317.  (2)  In  the  medulla.  From  the  large  arterial 
trunks  short  branches  come  off,  which  enter  the 
boundary  layer,  and  there  split  up  into  a  bundle 
of  minute  arterioles,  which  pass  in  a  straight  direc- 
tion vertically  through  the  boundary  layer  into  the 
papillary  portion.  These  are  the  arterice  rectoe 
(Fig.  238).  The  number  of  vessels  of  each  bundle 
is  at  the  outset  increased  by  the  efferent  vessel  of 
the  Malpighian  corpuscles  nearest  to  the  boundary 
layer. 

On  their  way  through  the  boundary  layer,  and 
through  the  papillary  portion  of  the  medulla, 
these  arterioles  give  off  the  capillary  network  for 
the  urinary  tubules  of  these  parts,  the  network, 
for  obvious  reasons,  possessing  an  elongated  arrange- 
ment. 

From  this  network  originate  everywhere  minute 
veins,  which  on  their  way  towards  the  cortical  margin 
increase  in  size  and  number ;  they  form  also  bundles 
of  straight  vessels — venca,  rectce — and  ultimately  enter 
the  venous  trunks  situated  between  the  boundary 
layer  and  cortex. 

The  bundles  of  the  arterise  rectse  and  venae  rectse 
form  severally,  in  the  boundary  layer,  the  transparent 
striae  mentioned  on  a  previous  page  as  alternating 
with  the  opaque  striae,  these  latter  being  bundles  of 
urinary  tubules. 

At  the  apex  of  each  papilla  there  is  a  network  of 
capillaries  around  the  mouth  of  each  duct. 
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318.  The  out*i'  capsule?  of  the  kiduey  contains 
network    of     capillary    blood-vessejt 
branches  leaiHng   into  them   are  derived    from 
sources:   (a)  from  the  outrunners  of  tlie  iiiterlol 


ntainB  a    fl 
arterial    V 

im    two     1 


arteries  of  the  cortex,  and  (6)  from  extra-i-enal  arteries. 
The  veins  lead  (a)  into  the  vente  atellatte,  and  (6)  into 
extra-renal  veins. 

The  lymphatie  vessels  form  a  plexus  in  the  capsule 
of  the  kidnoy.  They  are  connected  witli  lymph  spaces 
between  the  urinary  tubes  of  tlie  cortex.  The  large 
blood-vessels  are  surrounded  by  a  plexus  of  lyin- 
pbaticH,   wliich    take   up  lymph  spicea  between    the 
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urinary  tubules,  both  in  the  cortex  and  the  boundary 
laver. 

319.  The  ureter  is  lined  with  stratified  transi- 
tional epithelium.  Underneath  this  is  the  mucosa, 
a  connective-tissue  membrane  with  capillary  blood- 
vessels. The  submucosa  is  a  loose  connective  tissue. 
Then  follows  a  muscular  coat  composed  of  non- 
striped  muscular  tissue,  arranged  as  an  inner  and 
outer  longitudinal  and  a  middle  circular  coat.  Then 
follows  an  outer  limiting  thin  fibrous  coat  or  adventitia. 
In  this  last  have  been  observed  minute  ganglia  in 
connection  with  the  nerve-branches. 

320.  The  bladder  is  similar  in  structure,  but 
the  mucous  membrane  and  muscular  coat  are  very 
much  thicker.  In  the  latter,  which  consists  of  non- 
striped  fibres,  can  be  distinguished  an  inner  circular, 
a  middle  oblique,  and  an  outer  longitudinal  stratum. 
The  last  is  best  developed  in  the  fundus  (Fig.  240). 

Numerous  sympathetic  ganglia,  of  various  sizes, 
are  found  in  connection  with  the  nerve-branches 
underneath  the  adventitia  (peritoneal  covering),  and 
in  the  muscular  coat  (F.  Darwin).  The  epithelium 
lining  the  bladder  is  stratified  transitional,  and  it 
greatly  varies  in  the  shape  of  its  cells  and  their 
stratification,  according  to  the  state  of  expansion  of 
the  bladder. 


37^ 


CHAPTER    XXXII I. 

THE     MALE     GENITAL     ORGANS. 

321.  (1)  The  testis  of  man  and  mammals  is  en- 
veloped in  a  capsule  of  white  fibrous  tissue,  the  tunica 
adnata.  This  is  the  visceral  layer  of  the  tunica 
vaginalis.  Like  the  parietal  layer,  it  is  a  serous 
membrane,  and  is  therefore  covered  with  endo- 
thelium. Minute  villi  are  occasionally  seen  pro- 
jecting from  this  membrane  into  the  cavity  of 
the  tunica  vaginalis.  These  villi  are  generally 
covered  with  germinating  endothelium.  Inside  the 
tunica  adnata,  and  firmly  attached  to  it,  is  the 
tunica  alhuglnea,  a  fibrous  connective- tissue  mem- 
brane of  lamellar  structure.  Towards  the  posterior 
margin  of  the  human  testis  its  thickness  increases, 
and  forms  there  (Fig.  241)  a  special  accumu- 
lation— in  cross  section  more  or  less  conical,  with 
posterior  basis — the  mediastinum  testis,  or  corpus 
Highmori. 

B('twe(^n  the  tunica  adnata  and  tunica  albuginea 
is  a  rich  plexus  of  lymphatics,  which,  on  the  one  hand, 
takes  up  the  lymphatics  of  the  interior,  and  on  the 
other  leads  into  the  efferent  vessels  that  accompany 
the  vas  deferens. 

The  testis  of  the  dog,  cat,  bull,  pig,  rabbit,  etc., 
have  a  central  corpus  itighmori;  that  of  the  mole, 
hedgehog,  and  bat  a  peripheral  one ;  while  that  of 
the  rat  and  mouse  have  none  ( Messing). 

322.  The  fraiiiework.  -  From  the  anterior 
margin   of   the   corpus    Highmori   spring   numerous 


Be pta  of  connect 've  fasue  whch  pass'ng  '  a  rad'at^ 
iiig  direction  towards  the  alb  ^  nea,  w  th  vh  cl  tliey 
form  a  coat  n    ty  aubd  v  de  the  testis    nto  a  large 
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num)  er  of  more  up  less  con  eal  co  part  nents  or 
lobules  the  bas  a  ot  wh  ch  s  s  t  att,il  <i.t  the  t  ea 
albug    ea  il  e  apexat  tl  ec    p  sH?l  nor      K  U  ker 
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mentions  that  non-striped  muscular  tissue  occurs  in 
these  septa. 

From  these  septa  thin  connective-tissue  lamellse 
pass  into  the  compartments,  and  they  form  the 
supporting  tissue  for  the  blood-vessels,  and  also 
represent  the  interstitial  connective  tissue  between 
the  seminal  tubules. 

This  intertubular  or  interstitial  tissue  is  distinctly 
Jamellated,  the  lamellae  being  of  difterent  thicknesses, 
and  consisting  of  thin  bundles  of  fibrous  connective 
tissue — arranged  more  or  less  as  fenestrated  mem- 
branes— and  endotheloid  connective  plates  on  their 
surface.  Between  the  lamellae  are  left  spaces,  and 
these  form,  through  the  fenestrae  or  holes  of  the 
lamellae,  an  intercommunicating  system  of  lymph 
spaces — being,  in  fact,  the  rootlets  of  the  lymphatics 
(Ludwig  and  Tomsa). 

Within  the  lamellae  are  found  peculiar  cells, 
which  are  much  larger  than  lymph  cells,  and  which, 
in  some  instances  (e.g.  guinea-pig),  include  pigment 
granules.  They  contain  a  spherical  nucleus.  In  man, 
dog,  cat,  sheep,  especially  in  the  boar,  these  cells  form 
large,  continuous  groups — plates  and  cylinders — and 
the  cells  are  polyhedral,  and  exactly  similar  to  epithe- 
lial cells.  They  are  separated  from  one  another  within 
the  group  by  a  thin  interstitial  cement  substance. 
Their  resemblance  with  epithelium  is  complete.  They 
are  remnants  of  the  epithelial  masses  of  the  Wolffian 
body  of  the  foetus. 

323.  The  seminal  tubules  (Fig.  242).  — 
Within  each  compartment,  above  mentioned,  lie 
numerous  seminal  tubules,  twisted  and  convoluted 
in  many  ways,  and  extending  from  the  periphery  to 
near  the  corpus  Highmori.  The  tubules,  as  a  rule, 
are  rarely  branched;  but  in  the  young  state,  and 
especially  towards  the  periphery,  branching  is  not 
uncommon. 
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Each  seminal  tubule  consiats  of  ft  memlnana 
propria,  a  Imtng  epithelmm  and  a  lumen.  Tbe 
membrana  propria  is  a  hyaline  membrane  with  o^al 
nuclei  at  regiiUi  intervals  In  man  it  is  thick  and 
lamellated,  several  such  nucleated  membianeis  being 


superimposed  over  one  another.  The  lumen  is  in 
all  tub^  distinct  and  relatively  large.  The  lining 
epithelium,  or  the  seminal  cells,  differ  in  the  adult 
in  diflerent  tubules,  and  even  in  different  parts  of 
the  same  tubule,  being  dependent  on  the  state  of 
secretion. 

324.  Before  puberty  all  tubules  are  uniform  in 
this  respect,  being  lintel  with  two  or  three  layers  of 
polyhedral   epithelial    cells,    each   with 
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nucleus.      After    puberty,  however,    the    following 
different  types  can  be  distinguished. 

(a.)  Tubules  or  jiarts  of  tubules  similar  to  those 
of  the  young  state^viz.  several  layers  of  polyhedral 
epitheliul  cells  lining  the  membrana  propria.  These 
are  considered  as  (a)  the  outer  and  (6)  the  inner 
5.     The  former  are  next  to  the  membrana 


propria ;  they  are  |K>lyhedral  in  shape,  transparent, 
and  the  nucleus  of  many  of  them  is  in  the  process 
of  karyomitosia  or  indirect  division  {see  par.  8)  ; 
ill  some  the  nucleus  is  oval  transparent,  but  containing 
a  distinct  network.  The  inner  seminal  cells  generally 
form  two  or  three  layers,  and  are  more  loosely  con- 
nected with  one  another  than  the  outer  seminal  cells, 
nnd  therefore  possess   a   more   rounded   appearance. 
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Between  these  a  nucleated  reticulum  of  fine  fibres 
is  sometimes  noticed,  the  germ  reticulum  of  von 
Ebner.  But  this  is  merely  a  supporting  tissue,  and  has 
nothing  to  do  with  the  germination  of  the  cells  or  the 
spermatozoa  (Merkel).  The  inner  seminal  cells  show 
very  abundantly  the  process  of  indirect  division  of  the 
nucleus,  almost  all  being  seen  in  one  oi*  another  phase 
of  it. 

325.  The  division  of  the  inner  seminal  cells  yields 
numerous  small  spherical  cells  ;  these  lie  nearest  the 
lumen,  and  are  very  loosely  connected  with  one 
another.  It  is  these  which  are  transformed  into 
spermatozoa,  and  hence  are  appropriately  <;alled 
spermatohlasts  (Fig.  242). 

Amongst  the  seminal  cells,  especially  of  cat  and 
dog,  are  found  occasionally,  but  not  very  commonly, 
large  multinuclear  cells,  the  nuclei  of  which  are  also 
in  one  or  other  stage  of  karyomitosis. 

(b)  The  innermost  cells — i.e.  the  spermatoblasts — 
become  pear-shaped,  the  nucleus  being  situated  at  the 
thinner  extremity,  becoming  at  the  same  time  flattened 
and  homogeneous  (Fig.  243).  The  elongation  of  the 
spermatoblasts  gradually  proceeds,  and  in  consequence 
of  this  we  find  numerous  elongated,  club-shaped 
spermatoblasts,  each  with  a  flattened  nucleus  at  the 
thin  end.  These  are  the  young  spermatozoa,  the 
nucleated  extremity  being  the  head. 

(c)  At  the  same  time  these  young  spermatozoa 
become  grouped  together  by  an  interstitial  granular 
substance,  in  peculiar  fan-shaped  groups  :  in  these 
groups  the  head — i.e.  the  thin  end  containing  the 
flattened  homogeneous  nucleus — is  directed  towards 
the  inner  seminal  cells,  while  the  opposite  extremity 
is  directed  into  the  lumen  of  the  tube.  Me.anwhile 
the  inner  seminal  cells  continue  to  divide,  and  thus 
the  groups  of  young  spermatozoa  get  more  and  more 
buried,  as  it  were,  between  them. 
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326.  The  original  cell-body  of  the  spermatoblasts 
goes  on  elongating  until  its  protoplasm  is  almost,  but 
not  quite,  used  to  form  a  rod-shaped  middle  piece 
(Schweigger  Seidel)  of  the  spermatozoa;  from  the 
distal  end  of  this,  a  thin  long  hair-like  filament,  called 
the  tail^  grows  out.  Where  this  joins  the  end  of  the 
middle  piece,  there  is  present,  even  for  some  time 
afterwards,  a  last  remnant  of  the  granular  cell-body  of 
the  original  spermatoblast.  Some  of  the  inner  seminal 
cells  not  used  for  the  formation  of  spermatozoa  dis- 
integrate and  yield  the  granular  substance  between 
the  spermatozoa  of  the  groups,  and  also  between  these 
latter. 

When  the  granular  interstitial  substance  holding 
together  the  spermatozoa  of  a  group  has  become  dis- 
integrated, the  spermatozoa  are  isolated.  While  this 
development  of  the  spermatozoa  goes  on,  the  inner 
seminal  cells  continue  to  produce  spermatoblasts,  some 
of  which  are  converted  into  spermatozoa. 

327.  Spermatozoa  (Fig.  244).--Fully  formed 
spermatozoa  of  man  and  mammals  consist  of  a  homo- 
geneous flattened  and  slightly  convex-concave  liead 
(the  nucleus  of  the  original  spermatoblast),  a  rod- 
shaped  middle  piece  (derived  directly  from  the  cell- 
body  of  the  spermatoblast),  and  a  long  hair-like  taiL 
While  living,  the  spermatozoa  show  very  rapid  oscilla- 
tory and  propelling  movement,  the  tail  acting  as  a 
flagellum  or  cilium ;  its  movements  are  spiral. 

In  the  newt  there  is  a  line  spiral  thread  attached 
to  the  end  of  the  long,  curved,  spike-like  head,  and  by 
a  hyaline  membrane  it  is  fixed  to  the  middle  piece ;  it 
extends  beyond  this  as  the  tail.  Also  in  the  mam- 
malian and  human  spermatozoa,  a  similar  spiral  thread, 
closely  attached  to  the  middle  piece,  and  terminating 
as  the  tail,  has  been  observed  (H.  Gibbes). 

328.  The  seminal  tubules  of  each  lobule  pass  into 
a  short   straight   tubule,    the   vas  rectum.     This   is 
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narrower  than  the  seminal  tubule,  and  is  lined  with  a 
single  layer  of  polyhedral  or  short  columnar  epithelial 
cells.  The  vasa  recta  form,  in  the  corpus  Highmori, 
a  dense  network  of  tubular  channels,  which  are  irregu- 
lar in  diameter,  being  at  one  place  narrow  clefts,  at 


Fig.  244. — Various  Kinds  of  Spermatozoa. 

A,  Spermatozoon  of  guinea-pig  not  yet  completely  ripe  :  b,  tbe  same  seen  side- 
ways, the  head  of  the  spermatozoon  i^  flattened  from  side  to  8ide;  c, 
spermatozoon  of  horse ;  d,  8i)ermatozoou  of  newt. 


another  wide  tubes,  but  never  so  wide  as  the  seminal 
tubules ;  this  network  of  channels  is  the  rete  testis, 

329.  (2)  The  epididymis. — From  the  rete  testis 
we  pass  into  the  vasa  eferentia^  each  being  a  tube 
wider  than  those  of  the  rete  testis,  and  each  leading 
into  a  conical  network  of  coiled  tubes.  These  are  the 
coni  vasculosi.  The  sum  total  of  all  the  coni  vasculosi 
forms  the  globus  major  or  head  of  the  epididymis. 

330.  The  vasa  efferentia  and  the  tubes  of  the  coni 


i 
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va-sculosi  aie  about  the  size  of  the  seminal  tubules, 
but,  unlike  tliem,  are  lined  with  a  layer  of  beautiful 
columnar  epithelial  cells,  with  a  bundle  of  cilia  (Fig. 
245)  Outside  these  is  generally  a  layer,  more  or 
less  continuous,  of  small  polyhedral  ceils.  The  sub- 
stance of  the  columnar  cells 
^•^ .     "^  IS  distinctly  longitudinally 

/  '  V  fihnllateJ.    The  membruna 

1/  ^  jiropiia  IS  thickened  by  the 

.i*r  presence  of  a  circular  layer 

I'r-  t  I      of    non    striped    muscular 

hbres      The   rest — i.6.  the 
j,'lobn8  minor,  or  tail  of  the 
;.         Vv  epididymis— is  made  up  of 

Jfc.Ji-J^iji,  a  continuation  of  the  tubes 

of  tlie   globus   major,    the 
,»  ».-T.i.,i.  ot  ...  .H^    tnbe.J,m,m.hi,^,gr.du.liy 
dblj-iiiiii in cron-BeDtiou.  in  niimoer  by  iQSloo,  and 

The  mil  of  clis  inbule  la  miiiU  up  at  thei'eby  at  the  same  time 
"Kcrlj*eoiniiiinir«5^lli'l™fi  COnil"g        ^'^\\  " 

wia  Hinuirdtnirtiy  lew  riiiiii.ru-  Columnar  eintheiial  cells, 
'""    '■  facing   the    lumen    of  the 

tubes  of  the  globus  minor,  are  possessed  of  cilia 
of  unusual  length. 

The  tubes  of  the  epididymis  are  separated  from  one 
>>,tiother  by  a  larger  amount  of  connective  tissue  thaii 
those  of  the  testis. 

Tiie  tubes  of  the  organ  of  Gindde,  situated  in  the 
beginning  of  the  funiculus  spermaticus,  are  lined  with 
columnar  ciliated  epithelium.  So  is  also  the  pedun- 
culated hydatid  of  Morgagni  attached  to  the  globus 
major. 

331.  The  seminal  tubules  and  the  tubes  of  the 
epididymis  are  surmunded  by  a  rich  network  of 
capillaiy  blood-vessels.  Hetween  the  tubes  of  the 
testis  and  epididymis  are  lymph  spaces,  forming  an 
intercommunicating  system,  and  emptying  themselves 


Male  Genital  Organs,  381 

into  the  superficial  networks  of  lymphatics — i.e. 
those  of  the  albuginea;  the  arrangement  of  these 
networks  is  somewhat  difterent  in  the  testis  and 
epididymis. 

332.  (3)  Tas  deferens  aod  vesiculce  semi- 
oales. — The  tubes  of  the  globus  minor  open  into  the 
vas  deferens.  This  is,  of  course,  much  larger  than 
the  former^  and  is  lined  with  stratified  columnar 
epithelium.  Underneath  this  is  a  dense  connective- 
tissue  mucosa,  containing  a  rich  network  of  capillary 
blood-vessels.  Beneath  this  mucosa  is  a  thin  sub- 
mucous tissue,  which  in  the  ampulla  is  better  de- 
veloped than  in  other  parts,  and  therefore  allows  the 
mucous  membrane  to  become  folded.  Outside  the 
submucous  tissue  is  the  muscular  coat,  which  consists 
of  non-striped  muscular  tissue,  arranged  as  an  inner 
circular  and  an  outer  longitudinal  stratum.  At  the 
commencement  of  the  vas  deferens  there  is  in  addition 
an  inner  longitudinal  layer.  There  is  finally  a  fibrous 
tissue  adventitia.  This  contains  longitudinal  bundles 
of  non-striped  muscular  tissue,  known  as  the  cremaater 
internus  (Henle).  A  rich  plexus  of  veins — plexus 
pampiniformis — and  a  rich  plexus  of  lymphatic  trunks, 
are  situated  in  the  connective  tissue  of  the  spermatic 
cord.  The  plexus  spermaticus  consists  of  larger  and 
smaller  nerve-trunks,  with  which  are  connected  small 
groups  of  ganglion  cells  and  also  large  ganglionic 
swellings. 

333.  In  the  vesiculce  seminales  we  meet  with 
exactly  the  same  layers  as  constitute  the  wall  of  the 
vas  deferens,  but  they  are  thinner.  This  refers  espe- 
cially to  the  mucosa  and  the  muscular  coat.  The 
former  is  placed  in  numerous  folds.  The  latter  con- 
sists of  an  inner  and  outer  longitudinal  and  a  middle 
circular  stratum.  The  ganglia  in  connection  with  the 
nerve  trunks  of  the  adventitia  are  very  numerous. 

334.  In  the  dtictus  ejamdatorii  we  find  a  lining  oi 
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columnar  epithelial  cells ;  outside  of  this  is  a  delicate 
mucosa  and  a  muscular  coat,  the  latter  consisting  of 
an  inner  thicker  longitudinal  and  an  outer  thinner 
circular  stratum  of  non-striped  muscular  tissue. 

When  passing  into  the  vesicula  prostatica  the 
columnar  epithelium  is  gradually  replaced  by  stratified 
pavement  epithelium. 

335.  (4)  The  prostate  gland. — Like  other 
glands,  the  prostate  consists  of  a  framework  and  the 
gland  tissue  proper  or  the  parenchyma. 

The  framework,  unlike  that  of  othor  glands,  is 
essentially  muscular,  being  composed  of  bundles  of 
non-striped  muscular  tissue,  with  a  relatively  small 
admixture  of  fibrous  connective  tissue.  The  latter 
is  chiefly  limited  to  the  outer  capsule  and  the  thin  septa 
passing  inwards,  whereas  the  non-striped  muscular  tis- 
sue surrounds  and  separates  the  individual  gland  alveoli. 

336.  The  parenchyma  consists  of  the  chief 
ducts,  which  open  at  the  base  of  and  near  the  coUi- 
culus  seminalis,  and  of  the  secondary  ducts,  minor 
branches  of  the  former,  which  ultimately  lead  into  the 
alveoli.  These  are  longer  or  shorter,  wavy  or  con- 
voluted branched  tubes  with  numerous  saccular  or 
club-shaped  branches.  The  alveoli  and  ducts  are 
limited  by  a  membrana  propria,  have  a  distinct  lumen, 
and  are  lined  with  columnar  epithelium.  In  the 
alveoli  there  is  only  a  single  layer  of  beautiful 
columnar  epithelial  cells,  the  substance  of  which  is 
distinctly  and  longitudinally  striated.  In  the  ducts 
there  is  an  inner  layer  of  short  columnar  cells,  and  an 
outer  one  of  small  cubical,  polyhedral  or  spindle- 
shaped  cells. 

At  the  mouth  of  the  ducts  the  stratified  pavement 
epithelium  of  the  pars  prostatica  of  the  urethra  passes 
a  short  distance  into  the  duct. 

The  alveoli  are  surrounded  by  dense  networks  of 
capillary  blood-vessels. 
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In  the  peripheral  portion  of  the  gland  numerous 
ganglia  are  interposed  in  the  rich  plexus  of  nerves. 
Also  Pacinian  corpuscles  are  to  be  met  with. 

337.  (5)  The  urethra. — The  mucous  membrane 
of  the  male  urethra  is  lined  with  simple  columnar 
epithelium,  except  at  the  commencement— the  pars 
prostatica — and  at  the  end — the  fossa  navicularis — 
where  it  is  stratified  pavement  epithelium. 

The  mucous  membrane  is  fibrous  tissue  with  very 
numerous  elastic  fibres.  Outside  of  it  is  a  muscular 
coat  composed  of  non-striped  muscular  tissue,  and 
arranged  as  an  inner  circular  and  an  outer  longi- 
tudinal stratum,  except  in  the  pars  prostatica  and  pars 
membranacea,  where  it  is  chiefly  longitudinal.  In  the 
latter  portion  the  muscular  bundles  pass  also  into  the 
mucous  membrane,  where  they  follow  a  longitudinal 
course  between  large  veins  arranged  in  a  longitudinal 
plexus.  These  veins  empty  themselves  into  small 
efferent  veins.  This  plexus  of  large  veins  with  the 
muscular  tissue  between  represents  a  rudiment  of  a 
cavernous  tissue  (Henle). 

The  mucous  membrane  forms  peculiar  folds  sur- 
rounding the  lacunae  Morgagni.  There  are  small 
mucous  glands,  lined  with  columnar  epithelium, 
embedded  in  the  mucous  membiane ;  they  open  into 
the  cavity  of  the  urethra  and  are  known  as  Littre's 
glands. 

338.  (6)  The  g^lands  of  Cowper.— Each  gland 
of  Cowper  is  a  large  compound  tubular  gland,  which, 
as  regards  structure  of  ducts  and  alveoli,  resembles  a 
mucous  gland.  The  wall  of  the  chief  ducts  possesses 
a  large  amount  of  longitudinally  arranged  non-striped 
muscular  tissue.  The  epithelium  lining  the  ducts  is 
composed  of  columnar  cells.  The  alveoli  possess  a 
large  lumen  and  are  lined  with  columnar  mucous 
cells,  the  outer  portion  of  the  cell  being  distinctly 
striated  (Langerhans).     In  the  cell  the  reticulum  l^ 
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also  distinct.  In  this  respect  the  alveoli  completely 
resemble  those  of  the  submaxillary  of  the  dog,  but 
there  are  no  real  crescents  in  the  alveoli  of  Cowper's 
gland. 

339.  (7)  The  corpus  spongiosum. — The  cor- 
pus spongiosum  of  the  urethra  is  a  continuation  of 
the  rudimentary  corpus  cavernosum  above-mentioned 
in  connection  with  the  pars  membranacea  of  the 
urethra.  It  is  essentially  a  plexus  of  large  veins 
arranged  chiefly  longitudinally,  and  leading  into 
small  efferent  veins.  Between  the  large  veins  are 
bundles  of  non-striped  muscular  tissue.  The  capillary 
blood-vessels  of  the  mucous  membrane  of  the  urethra 
open  into  the  veins  of  the  plexus.  The  outer  portion 
of  the  corpus  spongiosum,  including  the  bulbus 
urethrje,  shows,  however,  numerous  venous  sinuses, 
real  cavern 8e,  into  which  open  capillary  blood- 
vessels. 

340.  The  glans  penis  is  of  exactly  the  same 
structure  as  the  corpus  spongiosum.  The  outer 
surface  is  covered  with  a  delicate  fibrous  tissue 
membrane,  which  on  its  free  surface  bears  minute 
papillae,  extending  into  the  stratified  pavement  epi- 
thelium. At  the  corona  glandis  exist  small  sebaceous 
follicles,  the  glands  of  Tyson ;  they  are  continued 
from  the  inner  lamella  of  the  prepuce,  where  they 
abound.  The  papillae  of  the  glans  contain  loops  of 
capillary  blood-vessels.  Plexuses  of  non-medullated 
nerve  fibres  are  found  underneath  the  epithelium  of 
the  surface  of  the  glans.  With  these  are  connected 
the  end  bulbs  described  in  a  former  chapter  as  the 
genital  nerve-end  corpuscles. 

341.  (8)  Tiie  corpora  cavernosa  penis. — 
Each  corpus  cavernosum  is  enveloped  in  a  fibrous 
capsule,  the  albuginea,  made  up  of  lamellae  of  fibrous 
connective  tissue.  Numerous  Pacinian  corpuscles 
are  met  with  around  it.     The  matrix  of  the  corpus 
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cavernosum  consists  of  trabeculse  of  fibrous  tissue, 
between  which  pass  bundles  of  non-striped  muscular 
tissue,  all  in  different  directions.  Innumerable 
cavernae  or  sinuses,  intercommunicating  with  one 
another,  are  present  in  this  matrix,  capable  of  such 
considerable  repletion  that  in  the  maximum  degree 
of  this  state  the  sinuses  are  almost  in  contact,  and 
the  trabeculse  compressed  into  very  delicate  septa. 
The  sinuses  are  lined  with  a  single  layer  of  flattened 
endothelial  plates,  and  their  wall  in  many  places  is 
strengthened  by  the  bundles  of  non-striped  muscular 
tissue.  The  sinuses  during  erection  become  filled 
with  blood,  being  directly  continuous  with  capillary 
blood-vessels.  These  are  derived  from  the  arterial 
branches  which  take  their  course  in  the  above  tra- 
beculae  of  the  matrix.  The  blood  passes  from  the 
sinuses  into  small  efferent  veins.  But  the  blood 
passes  also  directly  from  the  capillaries  into  the 
efferent  veins,  and  this  is  the  course  the  blood  takes 
under  passive  conditions,  while  during  erection  it 
passes  chiefly  into  the  above  sinuses. 

342.  In  the  peripheral  part  of  the  corpus  caver- 
nosum there  exists  a  direct  communication  between 
the  sinuses  and  minute  arteries  (Langer),  but  in  the 
rest  the  arteries  do  not  directly  communicate  with 
the  sinuses  except  through  the  capillary  blood- 
vessels. In  the  passive  state  of  the  corpus  caver- 
nosum, the  muscular  trabeculse  forming  part  of  the 
matrix  are  contracted,  and  the  minute  arterial 
branches  embedded  in  them  are  therefore  much 
coiled  up ;  these  are  the  arteriae  helicinaj. 


CHAPTER  XXXIV. 

THE  FEMALE  C.ENITAL  ORGANS. 

343.  (1)  The  ovary  (Fig.  346). — In  tho  ovary, 

m  other  glands,  the  framework  is  to  be  dis- 
tinguished from 
the  parenchyma. 
In  the  part  of 
the  ovary  next 
to  the  hilum  there 
ate  numerous 
blood  \eBael8,  in 
a  loose  fibrous 
connective  tissue, 
with  numerous 
longitudinal  bun- 
dles of  non-striped 
muscular  tissue 
direttly  contin- 
uous with  the 
same  tissues  of 
the  hgamentum 
litum  This  por- 
tion of  the  ovary 
IS  the  zona  vas- 
culosa  (Wal- 
deyer)    All  parts 


ir 
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of  the  i 


1^   )  Mnsue.i  Gruflsn  loiidM  Md  u\H   r       culosa  —  i.e.    the 

f  innaTMCnloM    '^  "  rgcn    ce.  buodlsS  0(  tibrOUB 

connective  tissue, 
the  blood  ^  essels,  and  the  bundles  of  non-atriped 
muscular  tissue — are  traceable  into^  the  parenchyma. 
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The  stroma  of  this  latter,  however,  is  made  up 
of  bundles  of  shorter  or  longer  transparent  spindle- 
shaped  cells,  each  with  an  oval  nucleus.  These 
bundles  of  spindle-shaped  cells  form,  by  crossing 
and  interlacing,  a  tolerably  dense  tissue,  in  which 
lie  embedded  in  special  distribution  the  Graafian 
follicles.  Around  the  larger  examples  of  the  latter 
the  spindle-shaped  cells  form  more  or  less  con- 
centric layers.  In  the  human  ovary  bundles  of 
fibrous  tissue  are  also  met  with. 

The  spindle-shaped  cells  are  most  probably  a 
young  state  of  connective  tissue. 

Between  these  bundles  of  spindle-shaped  cells 
occur  cylindrical  or  irregular  streaks  or  groups  of 
polyhedral  cells,  each  with  a  spherical  nucleus ;  they 
correspond  to  the  interstitial  epithelial  cells  men- 
tioned in  the  testis,  and  they  are  also  derived  from 
the  foetal  Wolffian  body. 

344.  According  to  the  distribution  of  the  Graafian 
follicles,  the  following  layers  can  be  distinguished  in 
the  ovary : — 

(a)  The  alhuginea.  This  is  the  most  peripheral 
layer  not  containing  any  Graafian  follicles.  It  is 
composed  of  the  bundles  of  spindle-shaped  cells,  in- 
timately interwoven.  In  man,  an  outer  and  inner 
longitudinal,  and  a  middle  circular,  layer  can  be  made 
out  (Henle).  In  some  mammals  an  outer  longi- 
tudinal, an  inner  circular,  or  slightly  oblique  layer 
can  be  distinguished  in  the  albuginea. 

The  free  surface  of  the  albuginea  is  covered  with 
a  single  layer  of  polyhedral,  or  short  columnar 
granular-looking  epithelial  cells,  the  germinal 
epithelium  (Waldeyer).  This  epithelium,  in  its 
shape  and  aspect,  forms  a  marked  contrast  to  the 
transparent,  flattened,  endothelial  plates  covering 
the  ligamentum  latum. 

345.  (6)  The  cortical  layer  (Schvoi\y — -^Vy^  Ss»  ^ 
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layer  containing  the  smallest  Graafian  follicles,  either 
aggregated  as  a  more  or  less  continuous  layer  {cat  and 
rabbit),  or  in  small  groups  (human),  separated  by  the 
stroma.  These  follicles  are  spherical  or  slightly  oval 
of  about  ^  n  ""-h  in  diameter  and  eacl  of  them  is 
limited  by  a  delicate  wmhrana  j>  opria  Inside  of 
layer  of  flattened  trana 
parent  epithelial  celh  each  with  an 
oval  flatter  eJ  nucleus  this  is  the 
J  le  ihrana  gra  lulosa  Tl  e  space 
withm  the  foil  cle  is  occupied  by 
H,  1  filled  up  with  a  sphencal  cell— 
the  ovu  I  cell  or  ovu  n  This  is 
1-0  posed  of  a  granula  look  ng  pro- 
toplasm, and  in  this  is  a  big  spherical, 
orslightlyoval,  nucleus — the  germinal 
vesicle.  The  substance  of  this  is  either 
a  flne  reticulum,  limited  by  a  delicate 
membrane,  with  one  or  more  nucleoli 
r  germinal  spots,  or  it  is  in  one  of 
the  phases  of  indirect  division  or 
karyomitosis,  thus  indicating  division 

34G.    (c)  From  this  cortical  layer  to 
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in.  the  stroma  isolated  Graafian  follicles  of  < 
sizes,  increasing  from  the  foi-mer  to  the  latter. 
The  biggest  follicles  measure  in  diameter  about 
.,'5  inch.  Those  of  the  middle  layers  are  of  me- 
dium size  (Fig.  247).  In  them  we  find  inside 
the  membrana  propria  the  membra iia  gi-anuiosa, 
made  up  of  a  single  layer  of  transparent,  co- 
lumnar, epithelial  cells.  The  ovum,  larger  than  in 
the  small  cortical  follicles,  fills  out  the  cavity  of  the 
follicle,  and  is  limited  by  a  tliin  hyaline  cuticle — the 
zona  i>dlucida.  This  appears  as  an  excretion  of  the 
cells  of  the  itiembiana  granulosa.     The  protoplasm  of 
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tile  ovum  is  fibrillated.  Tlie  |iart  surrounding  the 
germinal  vesicle  is  more  ti-ansparent,  and  stains 
differently  in  ostnic  acid  than  the  penpheral  part 
The  big  nucleus,  or  germinal  vesicle  la  Imiited  liy  a 
distinct  membrane  and  inside  this  niemVrane  is  a 
reticulum  with 
generally  one 
big  nucleolus 
01    gervxxnaJ 

Between 
these  medium 
sized  follicles 
and  the  small 
follicles  of  the 
cortical  layei 
v^c  hud  ali  in 
termed  late  de 
greea as  regards 
size  of  the  fol 
licle    and    the 

pecially  as  re 
gards the  shape 
of  the  cells  of 
the  membrana 
granulosa,  the 
intei  mediate 
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i  of  follicles  being  lined  by  a  granu 
made   up   of  a    la^er   of   polyhedial   epithelial 
cells 

347  The  deeper  Gi-aahan  follicles — » e  those 
that  are  to  be  regarded  as  big  follicles — contain  an 
ovum,  occasionalh  two  01  eien  three  ova,  which  is 
similar  to  that  of  the  pievious  follicles,  except  that  it 
IS  larger,  and  its  7ona  pellucida  thicket  The  ovum 
doea  not  fill  out  the  whole  canity  of  the  follicle,  since 
at  one  side,  between  it  and  the  meinbrans.  ^-wcwW-ft, 


390  Elements  of  Histology, 

there   is   an  albuminous  fluid,  the  rudiment  of   the 
liquor  folliculi. 

348.  The  largest  or  most  advanced  follicles  are  of 
great  size,  easily  visible  by  the  naked  eye,  and  con- 
tain a  large  quantity  of  this  liquor  folliculi  (Fig.  248). 
In  fact,  the  ovum  occupies  only  a  small  part  of  the 
cavity  of  the  follicle.  The  ovum  is  big,  surrounded 
by  a  thick  zona  pellucida,  is  situated  at  one  side,  sur- 
rounded by  the  discits  proligerus.  This  consists  of 
layers  of  polyhedral  cells,  except  the  cells  immediately 
around  the  zona  pellucida,  which  are  columnar.  The 
ovum  with  its  discus  proligerus  is  connected  with  the 
membrana  granulosa.  This  latter  consists  of  stratified 
pavement  epitheliitin,  forming  the  entire  lining  of  the 
follicle.  The  outermost  layer  of  cells  is  columnar. 
The  membrana  propria  of  these  big  follicles  is 
strengthened  by  concentric  layers  of  the  stroma 
cells,  and  this  represents  the  timica  fibrosa  (Henle) 
or  outer  coat  of  the  follicle — theca  folliculi  externa. 
Numerous  blood  capillaries  connected  into  a  network 
surround  the  big  follicles. 

In  those  follicles  that  contain  a  greater  or  smaller 
amount  of  the  liquor  folliculi  we  notice  in  the  fluid  a 
variable  number  of  detached  granulosa  cells  in  various 
stages  of  vacuolation,  maceration,  and  disintegration. 

349.  In  connection  with  the  medium-sized  and 
large  Graafian  follicles  are  seen  occasionally  smaller 
or  larger  solid  cylindrical  or  irregularly-shaped  out- 
growths of  the  membrana  granulosa  and  membrana 
propria;  they  indicate  a  new  formation  of  Graafian 
follicles,  some  containing  a  new  ovum.  When  these 
side  branches  become  by  active  growth  converted  into 
larger  follicles,  they  may  remain  in  continuity  with 
the  parent  follicle,  or  may  be  constricted  off  alto- 
gether. In  the  first  case,  we  have  one  large  follicle 
with  two  or  three  ova,  according  as  a  parent  follicle 
Jias  given  origin  to  one  or  two  new  outgrowths. 
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Amongst  the  epithelial  cells  constituting  the 
stratified  membrana  granulosa  of  the  ripe  follicles 
we  notice  a  nucleated  reticulum. 

Many  follicles  reach  ripeness,  as  far  as  size  and 
constituent  elements  are  concerned,  long  before 
puberty,  and  they  are  subject  to  degeneration ;  but 
this  process  of  defeneration  involves  also  follicles  of 
smaller  sizes. 

350.  Before  menstruation,  generally  one,  occasion- 
ally two  or  more  of  the  ripe  follicles  become  very 
hyperhsemic.  They  grow,  in  consequence,  very  rapidly 
in  size ;  their  liquor  folliculi  increases  to  such  a  degree 
that  they  reach  the  surface  of  the  ovary ;  finally — 
i,e.  during  menstruation — they  burst  at  a  superficial 
])oint ;  the  ovum,  with  its  discus  proligerus,  is  ejected, 
and  brought  into  the  abdominal  ostium  of  the  oviduct. 
The  cavity  of  the  follicle  collapses,  and  a  certain 
amount  of  blood,  derived  from  the  broken  capillaries 
of  the  wall  of  the  follicle,  is  effused  into  it.  The 
follicle  is  converted  into  a  corpus  luteum  by  an  active 
multiplication  of  the  cells  of  the  granulosa.  New 
capillaries  with  connective-tissue  cells  derived  from 
the  theca  folliculi  externa  gradually  grow  into  the 
interior — i.e.  between  the  cells  of  the  granulosa.  This 
growth  gradually  fills  the  follicle,  except  the  centre ; 
this  contains  blood  pigment  in  the  shape  of  granules, 
chiefly  contained  in  large  cells,  and  a  few  new  blood- 
vessel8,^the  blood  pigment  being  the  remains  of  the 
original  blood  effused  into  the  follicle.  But,  ulti- 
mately, all  the  pigment  disappears,  and  a  sort  of 
gelatinous  tissue  occupies  the  centre,  while  the  peri- 
phery— i.e.  the  greater  part  of  the  follicle — is  made 
up  of  the  hypertrophied  granulosa,  with  young  capil- 
lary vessels  between  its  cells.  The  granulosa  cells 
undergo  fatty  degeneration,  becoming  filled  with 
several  small  fat  globules,  which  gradually  become 
confluent  into  a  big  globule.     In  this  state  the  cori^xi^ 
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luteum  is  complete,  and  has  reached  the  height  of  its 
progressive  growth.  The  tissue  is  then  gradually 
absorbed,  and  cicatricial  tissue  is  left.  When  this 
shrinks  it  produces  a  shrinking  of  the  corpus  luteum. 
This  represents  the  last  stage  in  the  life  of  a  Graafian 
follicle.  The  corpus  luteum  of  Graafian  follicles,  of 
which  the  ovum  has  been  impregnated,  grows  to  a 
much  larger  size  than  under  other  conditions,  the 
granulosa  becoming  by  overgrowth  much  folded. 

351.  Development  of  the  ovary  and  Oraa- 
lian  follicles.— The  germinal  epithelium  of  the  sur- 
face of  the  foetal  ovary  at  an  early  stage  undergoes 
rapid  multiplication,  in  consequence  of  which  the  epi- 
thelium becomes  greatly  thickened.  The  vascular 
stroma  of  the  ovary  at  the  same  time  increases,  and 
permeates  the  thickened  germinal  epithelium.  The 
two  tissues,  in  fact,  undergo  mutual  ingrowth,  as  is  the 
case  in  the  development  of  all  glands — namely,  the 
epithelial  or  glandular  part  suffers  mutual  ingrowth 
with  the  vascular  connective- tissue  stroma. 

In  the  case  of  the  ovary,  larger  and  smaller 
islands  or  nests  (Balfour)  of  epithelial  cells  are  thus 
gradually  differentiated  off*  from  the  superficial  epi- 
thelium. These  nests  are  largest  in  the  depth  and 
smallest  near  the  surface.  They  remain  in  connec- 
tion with  one  another  and  with  the  surface  for  a 
considerable  period.  Even  some  time  after  birth 
some  of  the  superficial  nests  are  still  connected  with 
the  surface  epithelium,  and  with  one  another  (Fig. 
249).  These  correspond  to  the  ovarial  tubes  (Pffiiger). 
While  in  the  rabbit  these  nests  are  solid  collections, 
in  the  dog  they  soon  assume  the  character  of  tubular 
structures  (Pffiiger,  Schafer).  The  cells  constituting 
the  nests  undergo  multiplication  (by  karyomitosis), 
in  consequence  of  which  the  nests  increase  in  size, 
and  even  new  nests  may  be  constricted  oflf  from  old 
ones  [see  also  above). 
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352.  At  the  earliest  stages  we  notice  in  the 
germimil  epithelium  some  of  the  cells  becoming  en- 
larged in  their  cell  body,  and  especially  their  nucleus ; 
these  represent  the  primiti-ne  ova.  When  the  ger- 
minal epithelium  undergoes  the  thickening  above  men- 
tioned, and  when  this  thickened  epithelium  separates 
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into  the  nests  and  ovarial  tubes,  there  is  a  continued 
formation  of  |)iiinitive  ova — i.e.  cells  of  the  nests 
undergo  the  enlargement  of  cell-body  and  nucleus 
by  which  they  are  converted  into  primitive  ova. 
Like  the  other  epithelial  cells,  the  primitive  ova 
of  the  nests  and  ovarial  tubes  undergo  division  into 
two   or    even   more   primitive   ova   after    thft  w\wW 
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of  karyomitosis  (Balfour).     Thus  each  nest  contains 
a  series  of  ova. 

353.  The  ordinary  small  epithelial  cells  of  the 
nests  and  ovarial  tubes  serve  to  form  the  membrana 
granulosa  of  the  Graafian  follicles.  According  to  the 
number  of  ova  in  a  nest  or  in  an  ovarial  tube,  a  sub- 
division takes  place  in  so  many  Graafian  follicles, 
each  consisting  of  one  ovum  with  a  more  or  less 
complete  investment  of  small  epithelial  cells — i.e.  a 
membrana  granulosa.  This  subdivision  is  brought 
about  by  the  ingrowth  of  the  stroma  into  the  nests. 

The  superficial  nests  being  the  smallest,  as  above 
stated,  form  the  cortical  layer  of  the  small  Graafian 
follicles ;  the  deeper  ones  give  origin  to  larger  follicles. 
Thus  we  see  that  the  ovum  and  the  cells  of  the 
membrana  granulosa  are  derived  from  the  primary 
germinal  epithelium ;  all  other  parts — membrana 
j)ropria,  theca  externa,  stroma,  and  vessels — are  de- 
rived from  the  foetal  stroma. 

There  is  a  good  deal  of  evidence  to  show  that  ova 
and  Graafian  follicles  are,  as  a  rule,  reproduced  after 
birth  (Pfliiger,  Kolliker),  although  other  observers 
(Bischoff,  Waldeyer)  hold  the  opposite  \'iew. 

354.  (2)  The  oviduct* — The  oviduct  consists  of 
a  lining  epithelium,  a  mucous  membrane,  a  muscular 
coat,  and  an  outer  fibrous  coat — the  serous  covering, 
or  peritoneum.  The  epithelium  is  columnar  and 
ciliated.  The  mucous  membrane  is  much  folded ;  it 
is  a  connective-tissue  membrane  with  networks  of 
capillary  blood  vessels.  In  man  and  mammals  there 
are  no  proper  glands  present,  although  there  are  seen 
appearances  in  sections  which  seem  to  indicate  the 
existence  of  short  gland  tubes ;  but  these  appear- 
ances are  explained  by  the  folds  of  the  mucous 
membrane.  The  muscular  coat  is  composed  of  non- 
striped  muscular  tissue  of  a  pre-eminently  circular 
arrangement ;    in   the  outer   part   there   are   a   few 
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oblique  and  longitudinal  bundles.  The  serous  cover- 
ing contains  numerous  elastic  fibrils  in  a  connective- 
tissue  matrix. 

355.  (3)  The  uterus* — The  epithelium  lining 
the  cavity  of  the  uterus  is  a  single  layer  of  columnar 
cells,  each  with  a  bundle  of  cilia  on  their  free  sur- 
face. These  are  very  easily  detached,  and  therefore 
difficult  to  find  in  a  hardened  and  preserved  specimen. 
But  in  the  fresh  and  well-preserved  human  uterus 
(Friedlander),  as  well  as  in  that  of  mammals,  the 
cells  are  distinctly  ciliated.  The  whole  canal  of  the 
cervix  is  in  the  adult  lined  with  ciliated  epithelium, 
but  in  children,  according  to  Lott,  only  in  the  upper 
half.  The  surface  of  the  portio  vaginalis  uteri  is, 
like  that  of  the  vagina,  covered  with  stratified  pave- 
ment epithelium. 

356.  The  mucous  membrane  of  the  cervix  is 
different  from  that  of  the  fundus.  In  the  former 
it  is  a  fibrous  tissue  possessed  of  permanent  folds — 
the  palmse  plicatae.  Few  thin  bundles  of  non-striped 
muscular  tissue  penetrate  into  these  from  the  outer 
muscular  coat.  Between  the  palmae  plicatje  are  the 
openings  of  minute  gland-tubes,  more  or  less  cylin- 
drical in  shape.  They  possess  a  membrana  propria 
and  a  distinct  lumen  lined  with  a  single  layer  of 
columnar  epithelial  cells,  which,  according  to  some 
observers,  are  ciliated  in  the  newly-born  child,  but, 
according  to  Friedlander,  are  always  non-ciliated. 
Goblet  cells  are  met  with  amongst  the  lining  epi- 
thelium. Several  observers  (Kolliker,  Hennig,  Tyler 
Smith,  and  others)  maintain  the  existence  of  minute, 
thin,  and  long  vascular  papilloe  projecting  above  the 
general  surface  of  the  mucous  membrane  in  the  lower 
part  of  the  cervix ;  these  apparent  papLllse  are,  how- 
ever, only  due  to  sections  through  the  folds  of  the 
mucous  membrane.  The  mucous  membrane  of  the 
fundus  is  a  spongy  plexus  of  line  bundles  of  fibroas 
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tissue,  covered  or  lined  respectively  with  numerous 
small  endothelial  plates,  each  with  an  oval  flattened 
nucleus.  The  spaces  of  this  spongy  substance  are 
lymph  spaces,  and  contain  the  glands  and  the  blood- 
vessels (Leopold). 

357.  The  glands  —  glandulse  uterinse  —  are 
short  tubular  glands  lodged  in  the  mucous  mem- 
brane and  opening  into  the  uterine  cavity.  During 
puberty  their  number  and  their  size  increase  con- 
siderably, new  glands  being  formed  by  the  ingrowth 
of  the  surface  epithelium  into  the  mucous  membrane 
(Kundrat  and  Engelmann).  During  menstruation, 
and  especially  during  pregnancy,  they  greatly  increase 
in  length.  They  are  more  or  less  wavy  and  branched 
at  the  bottom.  A  delicate  membrana  propria  forms 
the  boundary  of  the  tube ;  a  distinct  lumen  is  seen 
in  the  middle,  and  this  is  lined  with  a  single  layer 
of  ciliated  columnar  epithelium  (Allen  Thomson, 
Ny  lander.  Fried  lander,  and  others). 

358.  During  menstruation  the  thickness  of  the 
mucous  membrane  increases,  the  epithelium  of  the 
surface  and  of  the  greater  part  of  the  glands  being 
destroyed  by  fatty  degeneration,  and  finally  altogether 
detached.  Afterwards  its  restitution  takes  place  from 
the  remnant  in  the  depth  of  the  glands.  But  accord- 
ing to  J.  Williams  and  also  Wyder,  the  greater  part 
of  the  mucous  membrane,  in  addition  to  the  epithe- 
lium, is  destroyed  during  menstruation. 

The  muscular  coat  forms  the  thickest  part  of  the 
wall  of  the  uterus ;  it  is  composed  entirely  of  the  non- 
striped  variety. 

In  the  cornua  uteri  of  mammals  the  muscular 
coat  is  generally  composed  of  an  inner  thicker  circular 
and  an  outer  thinner  longitudinal  stratum,  a  few 
oblique  bundles  passing  from  the  latter  into  the 
former.  In  the  human  uterus  the  muscular  coat  is 
composed  of  an  outer  thin  longitudinal,  a  middle  thick 
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layer  of  circular  bundles,  and  an  inner  thick  one  of 
oblique  and  circular  bundles.  Within  these  layers 
the  bundles  form  plexuses. 

359.  The  arterioles  in  the  cervix  and  their 
capillaries  are  distinguished  by  the  great  thickness  of 
their  wall.  The  mucous  membrane  contains  the 
cajnllary  networks.  These  discharge  their  blood  into 
veins  situated  in  the  muscular  coat.  Here  the  vehis 
are  very  numerous  and  arranged  in  dense  plexuses, 
those  of  the  outer  and  inner  stratum  being  smaller 
than  those  of  the  middle  stratum,  where  they  corre- 
spond to  huge  irregular  sinuses,  the  bundles  of 
muscular  tissue  of  the  muscular  coat  giving  special 
support  to  these  sinuses.  Hence  the  plexus  of  venous 
sinuses  of  the  middle  stratum  represents  a  sort  of 
cavernous  tissue. 

360.  The  lymphatics  are  very  numerous ;  in 
the  connective  tissue  of  the  muscular  coat  are  lymph 
sinuses  and  lymph  clefts  forming  an  intercommuni- 
cating system  ;  they  take  up  the  lymph  sinuses  of  the 
mucous  membrane  above  mentioned,  and  on  the  other 
hand  lead  into  a  plexus  of  efferent  lymphatic  vessels 
with  valves,  situated  in  the  subserous  connective  tissue. 

The  nerves  entering  the  mucous  membrane  are 
connected  with  ganglia.  According  to  Lindgren, 
there  is  in  the  mucous  membrane  a  plexus  of  non- 
medullated  nerve  fibres  which,  near  the  epithelium, 
break  up  into  their  constituent  primitive  fibrillse. 

361.  (4)  The  vag^ina. — The  epithelium  lining 
the  mucous  membrane  is  a  thick,  stratified  pavement 
epithelium.  The  superficial  part  of  the  mucous  mem- 
brane— i.e.  the  mucosa — is  a  dense,  fibrous  connective 
tissue  with  numerous  networks  of  elastic  fibres  ;  it 
projects  into  the  epithelium  in  the  shape  of  numerous 
long,  simple  or  compound  papillae,  each  with  a  single 
or  complex  loop  of  capillary  blood-vessels.  The 
mucosa  with  the  covering  epithelium  projects  aboy^ 
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the  general  surface  in  the  shape  of  longer  or  shorter, 
conical  or  irregular,  pointed  or  blunt,  permanent 
folds — the  rugsB.  These  contain  a  plexus  of  large 
veins,  between  which  are  bundles  of  non-striped 
muscular  tissue ;  hence  they  resemble  a  sort  of 
cavernous  tissue. 

Outside  of  the  mucosa  is  the  loose  submucosa, 
containing  a  second  venous  plexus ;  its  meshes  are 
elongated  and  parallel  to  the  long  axis  of  the  vagina. 
Outside  of  the  submucous  tissue  is  the  muscular  coat, 
consisting  of  an  inner  circular  and  an  outer  longitu- 
dinal stratum  of  non-striped  muscular  tissue.  Oblique 
bundles  pass  from  one  stratum  into  the  other.  From 
the  circular  stratum  bundles  may  be  traced  into  the 
submucosa  and  mucosa.  A  layer  of  fibrous  tissue 
forms  the  outer  boundary  of  the  wall  of  the  vagina, 
and  in  it  is  the  most  conspicuous  plexus  of  veins,  the 
plexus  venosus  vaginalis.  Tliis  plexus  also  contains 
bundles  of  non-striped  muscular  tissue,  and  therefore 
resembles  a  cavernous  tissue  (Gussenbaur).  It  is 
not  quite  definitely  ascertained  whether  or  not  there 
are  secreting  glands  in  the  mucous  membrane  of  the 
vagina.  Von  Preuschen  and  also  Hennig  described 
tubular  glands  in  the  upper  part  of  the  fornix  and  in 
the  introitus  vagina?. 

The  lymphatics  form  plexuses  in  the  mucosa,  sub- 
mucosa, and  the  muscular  coat.  The  first  are  small 
vessels,  the  second  are  larger  than  the  third  and 
possess  valves.  The  efferent  vessels  form  a  rich 
plexus  of  large  trunks  with  saccular  dilatations  in 
the  outer  fibrous  coat. 

There  are  in  the  mucous  membrane  solitary  lymph 
follicles  and  diffuse  adenoid  tissue  (Loevenstein). 

Numerous  ganglia  are  contained  in  the  nerve 
plexus  belonging  to  the  muscular  coat. 

End  bulbs  in  connection  with  the  nerve  fibres  of 
the  mucosa  have  been  mentioned  in  Chapter  XV. 
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362.  (5)  The  urethra.— The  structure  of  the 
female  urethra  is  similar  to  that  of  the  male,  except 
that  the  lining  epithelium  is  a  sort  of  stratified 
transitional  epithelium,  the  superficial  cells  being 
short,  columnar,  or  club-shaped  ;  underneath  this  layer 
are  several  layers  of  polyhedral,  or  cubical  cells. 
Near  the  orificium  externum  the  epithelium  is 
stratified  pavement  epithelium. 

The  muscular  coat  is  composed  of  an  inner  longi- 
tudinal, and  an  outer  circular,  layer  of  non-striped 
muscular  tissue. 

363.  (6)  The  nymphse,  clitoris,  and  vesti- 
buluin. — These  are  lined  with  thick  stratified  epi- 
thelium; underneath  is  a  fibrous  connective-tissue 
mucous  membrane,  extending  into  the  epithelium  in 
the  shape  of  cylindrical  papillae  with  capillary  loops 
and  nerve  endings  (end  bulbs).  The  nymphge  contain 
large  sebaceous  follicles,  but  no  hairs. 

The  nymphse  contain  a  plexus  of  large  veins  with 
bundles  of  non-striped  muscular  tissue ;  hence  it 
resembles  a  cavernous  tissue  (Gussenbaur).  The 
corpora  cavernosa  of  the  clitoris,  the  glans  clitoridis, 
and  the  bulbi  vestibuli,  correspond  to  the  analogous 
parts  in  the  penis  of  the  male.  The  glands  of 
Bartholin  correspond  in  structure  to  the  glands  of 
Oowper  in  the  male. 
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CHAPTER    XXXV, 

THE       MAMMARY       GLAND. 

364.  This,  like  other  glands,  consists  of  a  frame- 
work and  parenchyma.  The  former  is  lamellar  fibrous 
connective  tissue  subdividing  the  latter  into  lobes  and 
lobules  and  containing  a  certain  amount  of  elastic 
fibres.  In  some  animals  (rabbit,  guinea-pig)  there  are 
also  small  bundles  of  non-striped  muscular  tissue. 
From  the  interlobular  septa  fine  bundles  of  fibrous 
tissue  with  branched  connective-tissue  corpuscles  pass 
between  the  alveoli  of  the  gland  substance.  The 
amount  of  this  interalveolar  tissue  varies  in  different 
places,  but  in  the  active  gland  is  always  relatively 
scanty. 

Migratory  or  lymph  corpuscles  are  to  be  met  with 
in  the  interalveolar  connective  tissue  of  both  active 
and  resting  glands.  In  the  latter  they  are  more 
numerous  than  in  the  former.  According  to  Creighton, 
they  are  derived,  in  the  resting  gland,  from  the  epi- 
thelium of  the  gland  alveoli.  Granular  large  yellow 
(pigmented)  nucleated  cells  occur  in  the  connective 
tissue,  and  also  in  the  alveoli  of  the  resting 
gland,  and  Creighton  considers  them  both  identical, 
and  derived  from  the  alveolar  epithelium.  And 
according  to  this  author,  the  production  of  these  cells 
would  constitute  the  principal  function  of  the  resting 
gland. 

The  large  ducts  as  they  pass  from  the  gland  to  the 
nipple  acquire  a  thick  sheath,  containing  bundles 
of    non-striped    muscular   tissue.      These   latter   are 
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derived  from  the  bundles  of  non  striped  niustular 
tissue  present  m  the  skin  of  the  nipple  of  the  breast. 

The  small  ducts  m  the  lobules  of  the  gland  tissue 
possess  a  membrana  propria,  and  a  lining — a  single 
layer  of  longer  or  shorter  columnar  epithelial  cells 

The  terminal  branches  of   the   ducte — )  e     just 
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before  these  latter  pass  into  the  alveoli — are  lined  with 
a  single  layer  of  flattened  pavement  epithelium  cells  ; 
they  are  analogous  to  the  intermediate  portion  of  the 
ducts  of  the  salivary  glands  (see  Chap.  XXIIL). 

365.  Each  of  these  terminal  branches  divides  and 
takes  up  several  alveoli  (Fig.  350).  Th(!se  are  wavy 
tubes,  saccular  or  ilask-shaped.  The  alveoli  are 
larger  in  diameter  than  the  intralobular  ducts.     Eitcli 
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alveolus  in  the  active  gland  has  a  relatively  large 
cavity,  varying  in  different  alveoli ;  it  is  lined  with  a 
single  layer  of  polyhedral,  granular-looking,  or  short 
columnar  epithelial  cells,  each  with  a  spherical  nucleus  ; 
a  membrana  propria  forms  the  outer  limit.  This 
membrana  propria,  like  that  of  the  salivary,  lachrymal 
and  other  glands,  is  a  basket-work  of  branched  cells. 

In  the  active  gland  each  epithelial  cell  is  capable 
of  forming  in  its  interior  one  or  more  smaller  or  larger 
oil  globules.  These  may,  and  generally  do,  become 
confluent,  and,  pressing  the  nucleus  towards  one  side 
of  the  cell,  give  to  the  latter  the  resemblance  of  a  fat- 
cell.  The  oil  globules  finally  pass  out  from  the  cell 
protoplasm  into  the  lumen  of  the  alveolus,  and 
represent  now  the  milk  globules.  The  cell  resumes  its 
former  solid  character,  and  commences  again  to  form 
oil  globules  in  its  protoplasm.  The  epithelial  cells, 
as  long  as  the  secretion  of  milk  lasts,  go  on  again  and 
again  forming  oil  globules  in  the  above  manner 
without  being  themselves  destroyed  (Langer).  The 
milk  globules,  when  in  the  lumen  of  the  alveoli,  are 
enveloped  in  a  delicate  cuticle — the  albumin  mem- 
brane of  Ascherson,  which  they  receive  from  the  cell 
protoplasm. 

According  to  the  state  of  secretion,  most  epithelial 
cells  lining  an  alveolus  may  be  in  the  condition  of 
forming  oil  globules,  or  only  some  of  them ;  and 
according  to  the  rate  in  which  milk  globules  are 
formed  and  carried  away,  the  alveoli  differ  in  the 
number  of  milk  globules  they  contain. 

According  to  Schmid,  the  epithelial  cells,  after 
having  secreted  milk  globules  for  some  time,  finally 
break  up,  and  are  replaced  by  new  epithelial  cells 
derived  by  the  division  of  the  other  still  active 
epithelial  cells. 

366.  The  resting  gland — i.e.  the  gland  of  a  non-preg- 
Tiant  or  non-suckling  individual — contains,  compara- 
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lively  sjieaking,  few  alveoli,  but  a  great  deal  of  fibrous 
connective  tissue  ;  the  alveoli  are  all  solid  cylinders, 
containing  within  the  limiting  membrana  propria 
masses  of  polyhedral  granular  looking  epithelial  cells. 
During  pregnancy  these  solid  cylinders  undergo  mul- 
tiplication, elongation,  and  thickening,  owing  to  the 
rapid  division  of  the  constituent  epithelial  cells. 

Finally,  when  milk  secretion  commences,  the  cells 
occupying  the  central  part  of  the  alveolus  undergo  the 
fatty  degeneration  just  like  the  peripheral  cells,  but 
they — i.e.  the  central  cells — are  eliminated,  while  the 
peripheral  ones  remain.  The  central  cells  are  the 
colostrum  corpuscles^  and  consequently  they  are  found 
in  the  milk  of  the  first  few  days  only. 

367.  Ordinary  milk  contains  no  colostrum  corpus- 
cles, but  only  milk  globules  of  many  various  sizes,  from 
the  size  of  a  granule  to  that  of  a  globule  several  times 
as  big  as  an  epithelial  cell  of  an  alveolus  of  the  milk 
gland.  These  large  drops  are  produced  by  fusion  of 
small  globules  after  having  passed  out  of  the  alveoli. 
Each  milk  globule  is  an  oil  globule  surrounded,  as 
stated  above,  by  a  thin  albuminous  envelope — Ascher- 
son's  membrane.  The  small  bits  of  granular  substance 
met  with  here  and  there  are  probably  the  remains  of 
broken-down  protoplasm  of  epithelial  cells. 

368.  Each  gland  alveolus  is  surrounded  by  a  dense 
network  of  capillary  blood-vessels.  The  alveoli  are 
surrounded  by  lymph  spaces  like  those  in  the  salivary 
glands  (Coyne),  and  these  spaces  lead  into  netv^orks  of 
lympliatic  vessels  of  the  interlobular  connective  tissue. 
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.   CHAPTER   XXXVI. 

THE     SKIN. 

369.  The  skin  consists  of  the  following  layers 
(Fig.  252)  : — (1)  The  epidermis  ;  (2)  the  corium,  or 
cutis  vera,  with  the  papillae;  (3)  the  subcutaneous 
tissue,  with  the  adipose  layer  or  the  adipose  tissue. 

370.  (1)  The  epidermis  (Fig.  25),  in  all  its 
constituent  elements,  has  been  minutely  described  in 
Chapter  III.  Its  thickness  varies  in  different  parts, 
and  is  chiefly  dependent  on  the  variable  thickness  of 
the  stratum  corneum.  This  is  of  great  thickness  in 
the  palm  of  the  hand  and  the  sole  of  the  foot.  The 
stratum  Malpighii  fits  into  the  depressions  between 
the  papillae  of  the  corium  as  the  interpapillary  pro- 
cesses. The  presence  of  prickle  cells,  of  pigment 
granules,  and  of  branched  interstitial  nucleated  cells, 
etc.,  has  been  mentioned  in  Chapter  III. 

There  occur  in  the  stratum  Malpighii  migratory 
cells  of  granular  aspect ;  they  appear  to  migrate  from 
the  papillary  layer  of  the  corium  into  the  stratum 
Malpighii  (Biesiadecki). 

In  the  coloured  skin — e.g.  of  the  negro — pigment 
granules  are  abundant  in  the  cell  substance  of  the 
stratum  Malpighii,  especially  in  the  deeper  layers  ; 
but  there  is  present  an  almost  continuous  layer  of 
pigment  in  the  superficial  layers  of  the  stratum 
corneum  (Fig.  251). 

371.  (2)  The  corium  is  a  dense  feltwork  of 
bundles  of  fibrous  connective  tissue,  with  a  large 
admixture  of  networks  of  elastic  fibres.      From  the 
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surface  of  the  corium  project,  small  conical  or  cylin- 
drical papillm.      These  are  best   developed  in  those 
parts    where  the    skin    is   thick— e.y.  volar  side   of 
hand  and  foot,  scalp,  lips   of  mouth,  etc.     Between 
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372.  (3)  The  Buperftcial   part  of   the   subcota- 
(leous  tissne  insensibly  metres  into  the  deep  part  of 

the  eorium  ;  it  consists  of  bundles  of  fibrous  connective 
tissue  aggregated  into  trabeculre  crossing  one  another 
and  interlacing  in  a  complex  manner.      Numerous 
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elastic  fibres  are  attached  to  these  trabeculfe.  It  con- 
tains groups  of  fat  cells,  in  many  places  arranged  as 
more  or  less  continuous  lobules  of  fiit  tissue,  forming 
the  stratum,  adiposum.  These  lobules  are  separated 
by  septa  of  fibrous  connective  tissue  ;  their  structure 
and  development,  and  the  distribution  of  the  blood- 
vessels amongst  the  fat  cells,  have  been  described 
(Fig.  il,  and  on  pp.  5-5  and  56).  The  deep  part  of  the 
subcutaneous  tissue  is  loose  in  texture,  and  conbiina 
the  large  vascular  trunks  and  big  nerve  branches. 
37.').  The    superficial    part    of  the   subcutaneous 
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tissue,  or,  as  some  have  it,  the  deep  part  of  the 
corium,  contains  the  sudoriparous  or  sweat  glands. 
Each  gland  is  a  single  tube  coiled  up  into  a  dense 
mass  of  about  ^^^  of  an  inch  in  diameter— in  some 
places,  as  in  the  axilla,  reaching  as  much  as  six  times 
this  size.  From  each  gland  a  duct — the  sudori- 
ferous canal — passes  through  the  corium  in  a  slightly 
wavy  and  vertical  direction  towards  the  epidermis ; 
it  penetrates  more  or  less  spirally  through  the  inter- 
l^apillary  process  of  the  stratum  Malpighii  and  the 
rest  of  the  epidermis,  and  appears  with  an  open  mouth 
on  the  free  surface  of  the  skin. 

The  total  number  of  sweat  glands  in  the  human 
skin  has  been  computed  by  Krause  to  be  over  two 
millions  ;  but  it  varies  greatly  in  different  parts  of  the 
body,  the  largest  number  occurring  in  the  palm  of 
the  hand,  the  next  in  the  sole  of  the  foot,  the  next 
on  the  dorsum  of  the  hand  and  foot,  and  the  smallest 
in  the  skin  of  the  dorsum  of  the  trunk. 

374.  The  sudoriferous  canal  and  the  coiled  tube 
possess  a  distinct  lumen  ;  this  is  lined  with  a  delicate 
cuticle,  especially  marked  in  the  sudoriferous  canal 
and  in  the  commencement  of  the  coiled  tube.  In  the 
epidermis  the  lumen  bordered  by  this  cuticle  is  all 
that  is  present  of  the  sudoriferous  canal.  It  receives 
a  continuation  from  the  deep  layers  of  the  stratum 
Malpighii  and  from  the  basement  membrane ;  the 
former  is  the  lining  epithelium,  the  latter  the  limiting 
membrana  propria  of  the  sudoriferous  canal.  The 
epithelium  consists  of  two  or  three  layers  of  small 
polyhedral  cells,  each  with  a  spherical  or  oval  nucleus. 

375.  The  structure  of  the  sudoriferous  canal  is, 
then,  a  limiting  membrana  propria,  an  epithelium 
composed  of  two  or  three  layers  of  polyhedral  cells,  an 
internal  delicate  membrane,  and,  finally,  the  central 
cavity,  or  lumen. 

The  first  part— about  one-third  or  one-fourth — 
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of  the  coiled  tube  (Fig.  253)  is  of  the  same  structure, 
and  is  directly  continuous  with  the  sudoriferous  canal, 
with  which  it  is  identical,  not  only  in  structure,  but 
in  size.  The  remainder  of  the  coiled  tube— i.e.  the 
distal  part — is  larger  in  diarneter,  and  differs  in  these 
essential  respects,  that  its  epithelium  is  a  single  layer 


of  transparent  columnar  cells,  and  that  there  is 
between  this  and  the  limiting  niemhrana  propria  a 
laytT  of  non-striped  muscle  cells  (KolHker)  arranged 
parallel  with  the  long  axis  of  the  tube.  In  some 
places,  as  in  the  palm  of  the  hand  and  foot,  in  the 
scrotum,  the  nipple  of  the  breast,  the  scalp,  hut 
especially  in  the  axilla,  this  distal  portion  of  the  coiled 
tube  is  of  very  great  length  and  breadth,  and  its 
epithelial  cells  contain  a  variable  amount  of  granules. 
It  appears  to  me  that  tho  cells  resemble  in  this 
respect  those  of  the  sei'ous  salivary  glan<ls  and  the 


Sfcix.  409 

chief  cells  of  the  gastric  glands  (Laiigley),  inasmuch 
as  they  produce  in  their  interior  larger  or  smaller 
granules  which  are  used  up  during  secretion,  from  the 
periphery  towards  the  lumen. 

376.  The  ceruminous  grlan^ls  of  the  meatus 
auditoiius  externus  are  of  the  same  structure  as  the 
distal  portion  just  described,  except  that  the  inner 
part  of  the  cell  protoplasm  of  the  epithelium  contains 
yellowish  or  brownish  pigment,  found  also  in  their 
secretion — i.e.  in  the  wax  of  the  ear. 

Around  the  anus  there  is  an  elliptical  zone,  in  the 
skin  of  which  are  found  large  coiled  gland  tubes — the 
circum-anal  glands  of  A.  Gay — which  are  identical  in 
structure  with  the  distal  portion  of  the  sweat  gland- 
tubes. 

377.  The  sweat  gland  develops  as  a  solid  cylin- 
drical outgrowth  of  the  stratum  Malpighii  of  the 
epidermis,  which  gradually  elongates  till  it  reaches 
the  superficial  part  of  the  subcutaneous  tissue,  where 
it  commences  to  coil.  The  lumen  of  the  tube  is  of 
later  appearance.  The  membrana  propria  is  derived 
from  the  tissue  of  the  cutis,  but  the  epithelium  and 
muscular  layer  are  both  derived  from  the  original 
outgrowth  of  the  epidermis. 

378.  The  hair^follicles  (Fig.  254).— The  skin 
almost  everywhere  contains  cylindrical  yb^^ic^es,  planted 
more  or  less  near  to  one  another,  and  in  groups.  In 
each  of  them  is  fixed  the  root  of  a  hair  ;  that  part  of 
the  hair  which  projects  beyond  the  general  surface  of 
the  skin  is  the  shaft. 

A  very  few  places  contain  no  hair  follicles,  such, 
for  instance,  as  the  volar  side  of  the  hand  and  foot, 
and  the  skin  of  the  penis. 

Tn  size,  the  hairs  and  hair-follicles  differ  in  dif- 
ferent parts.  Those  of  the  scalp,  the  cilia  of  the  eye- 
lids, the  hairs  of  the  axilla  and  pubic  region,  those  of 
the  male  whiskers  and   moustache,   are    coarse   aucl 
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thick  while  the  hairs  of  other  places — e  ij  the  outer 
surface  of  the  eyehds  the  mside  of  tl  e  aim  and  fore- 
nrm  etc — are  ^erv  mmi  te  but  as  regards  structure, 
they  are  all  very  much  ahke 

379    A    complete  liair  and  hair  follicle — that  is, 


the   papillary   hair    of   TJnna — ahowM   the    following 
structure  : — 

Th<!  hnir-fiilUdp..  Each  hair-follicle  commences  on 
the  free  surfac«i  of  the  skin  with  ii  funiiel-shapral 
opening  or  mmttlt ;  it  |>ftS3e8  in  an  oblique,  direction 
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through  the  coriuin  into  the  subcutaneous  tissue,  in 
whose  middle  strata — i.e.  in  the  stratum  adiposum — 
it  terminates  with  a  slightly  enlarged  extremity,  with 
which  it  is  invaginated  over  a  relatively  small  fungus- 
shaped  j[?api^Za.  This  latter  is  of  fibrous  tissue,  con- 
taining numerous  cells  and  a  loop  of  capillary  blood- 
vessels. 

Minute  hairs  do  not  reach  with  their  follicles  to 
such  a  depth  as  the  large  coarse  hairs,  the  former  not 
extending  generally  much  farther  than  the  deep  part 
of  the  corium.  Degenerating  and  imperfect  hairs  (see 
below)  also  do  not  reach  to  such  a  depth  as  the  perfect 
large  hair  follicles.  In  individuals  with  "  woolly  " 
hair — e.g.  the  negro  race  (C.  Stewart),  and  in  animals 
with  "  woolly  "  hair,  such  as  the  fleece  of  sheep — the 
deep  extremity  of  the  hair-follicle  is  curved,  sometimes 
even  slightly  upwards. 

380.  The  structure  of  a  hair-follicle  is  as  follows 
(Fig.  255) :  There  is  an  outer  coat  composed  of  fibrous 
tissue  ;  this  is  the  fibrous  coat  of  the  hair-sac.  It  is 
merely  a  condensation  of  the  surrounding  fibrous 
tissue,  and  is  continuous  with  the  papilla  at  the 
extremity  of  the  hair-follicle.  About  the  end  of  the 
hair-follicle,  or  sometimes  as  much  as  in  the  lower 
fourth,  there  is  inside  of  this  fibrous  layer  of  the  hair- 
sac  a  single  continuous  layer  of  transversely  or  circu- 
larly-arranged spindle-shaped  cells,  each  with  an  oval 
flattened  or  staff  shaped  nucleus,  completely  resembling, 
and  generally  considered  to  be,  non-striped  muscle- 
cells.  Inside  of  this  layer  of  the  hair-sac  is  a  glassy- 
looking,  hyaline,  basement  membrane,  which  is  not 
very  distinct  in  minute  hairs,  but  is  sufficiently  con- 
spicuous in  large  adult  hair- follicles.  This  glassy 
membrane y  as  it  is  called,  is  a  direct  continuation  of 
the  basement  membrane  of  the  surface  of  the  corium, 
and  it  can  be  traced  as  a  delicate  membrane  also  ovei* 
the  surface  of  the  hair-papilla. 
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3m    Next  to  the  glassy  membrane  is  the  outer 
root  aheatli    the    most  conspicuous  part  of  the  hair- 
follicle      It  consists  of  a  thick  stratified  epithelium  of 
exa'-tl^  the  same  nature  as  the  stratum  Malpighii  of 
the      epidermis, 
^   ^„,— _^-^  —  with     which    it 

^      _         '-  is    directly   con- 

tinuous,    and 
/A  from    which     it 

is   derelopod. 
i  In      the     outer 

'  \      root  -  sheath   the 

layer      of      cells 
A,  next  to  the  glassy 

*"      ^"^  v^  membrane     is 

Y  -  '       columnar,     just 

\  like  the  deepest 

e     "'°'~-*^^^  ^ — *  \&yiT  of  cells  in 

the  stratum  Mai- 
Fit  iw —Crew  »ei3llon  through  »  Humsu  Hair  „■  i,;;.  *!.«„  ««i 
*  Hid  Hair  toUkfe.  pighii ;  then  fol- 

a  Mirrov  t  lixir  he  rloi  nl  mir  r  c  Ilrl  I  loW  inWardsSeve- 
wVlef  l»)or  Tr'iiiSr"r.Kiiih  I'li™/''"  "'r«r  ral  layersof  poly- 
irJ):'.^'^".™''ir'«,L'""'""  """""'  hedraloellsjand, 
finally,  flattened 
nucleated  scales  form  the  innerniost  boundary  of  the 
outer  root  sheath  The  stratum  granulosum  of  the 
stratum  Mnlpighii  is  not  continued  beyond  the  mouth 
of  the  hair  follicle  but  there  it  is  generally  very  marked. 
The  outer  root  sheath  becomes  greatly  attenuated  at 
the  papilla— in  fact,  it  is  there  continuous  with  the 
cells  constituting  the  hair-bulb. 

382.  The  centre  of  the  hair-follicle  is  occupied  by 
the  root  of  the.  luiir,  which  terminates  with  an  enlai^ed 
extremity — the  hair-hittb ;  this  grasps  the  whole 
papilla.  The  hair-bulb  is  conipos<'cl  of  polyhedral 
(^|iitlieli»l  cells,  separated  from  one  another  by  cement 
substance,  and  continuous  with  the  cells  of  the  ex- 
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tremity  of  the  outer  root-sheath,  from  which  they 
originate  in  the  first  instance ;  just  over  the  papilla 
there  is  a  special  row  of  short  columnar  cells,  which 
are  in  an  active  state  of  multiplication,  in  consequence 
of  which  new  cells  are  constantly  being  formed  over 
the  papilla.  As  a  result  of  this  there  is  a  gradual 
pushing  outwards,  within  the  cavity  of  the  hair- 
follicle,  of  the  cells  previously  formed  ;  these  cells 
form  the  hair  itself.  Nearest  to  the  papilla  all  the 
cells  of  the  hair  are  polyhedral,  farther  outwards — i.e. 
towards  the  surface  of  the  skin — they  become  more 
elongated  and  spindle-shaped,  and  constitute  the  cells 
of  the  hair-substance  ;  except  in  the  very  centre  of  the 
hair,  where  they  remain  polyhedral,  so  as  to  represent 
the  cells  of  the  marrow  of  the  hair,  and  in  the  peri- 
phery of  the  hair,  where  they  remain  more  or  less 
polyhedral,  so  as  to  form  the  inner  root-sheath. 

383.  The  root  of  the  hair,  except  at  the  hair- 
bulb,  shows  the  following  parts  :  The  substance  of  the 
Iiair,  the  cuticle,  and  the  inner  root-sheath.  The 
substance  of  the  hair  is  composed  of  the  hair-fibres — 
i.e.  long  thin  fibres,  or  narrow  long  scales,  each  com- 
posed of  hyaline  horny  substance,  and  possessed  of  a 
thin  staff-shaped  remnant  of  a  nucleus.  These  are 
held  together  by  a  certain  amount  of  interstitial 
cement  substance.  Towards  the  bulb  they  gradually 
change  into  the  spindle-shaped  cells  above  mentioned. 
They  can  be  isolated  by  strong  acids  and  alkalies.  In 
pigmented  hairs  there  occur  numerous  pigment 
granules  between  the  hair-fibres,  but  also  diffused 
pigment  in  their  substance.  The  same  is  noticed  witli 
reference  to  the  hair-bulb — namely,  pigment  granules 
being  present  in  the  intercellular  cement,  and  pig- 
ment also  in  the  cell  substance.  In  the  centre  of 
many  hairs  is  a  cylindrical  marrow,  containing 
generally  one  row  of  polyhedral  cells,  which  are,  to  a 
great  extent,  filled  with  air. 
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"Jt*4  On  the  surface  of  the  haii  substance  is  a  thin 
cuticle  a  sini^le  layer  of  homy  non  nucleated  hyaline 
scales  arranged  more  or  less  transversely ,  they  are 
imbricated  and  according  to  the  degree  of  imbnca- 
tion  the  cutiLle  shows  more  or  less  marked  projec- 
tions which  gii  e  to  the  circumference 
a   1  of  the  hair  the  appearance  of  minute 

teeth  like  those  of  a  saw 

385  The  inner  root  sheath  in 
well  formed  thick  hairs  h  veiy  dis- 
tinct and  consists  of  a  delicate  cuticle 
next  to  the  cuticle  of  the  hair ;  then 
an  inner  or  Huxley  k  layer,  which 
18  a  single,  or  sometimes  double,  layer 
of  homy  cubical  cells  each  with  a 
remnant  of  a  nucleus  and,  finally, 
an  outer  or  Uenles  layer — a  single 
F  K    ji  -Lo  j,  t      layer  of  non  nucleated  horny  cubical 

^.Qtoi'^  HumSi        The  shaft  of  the  hair  (Fig.  256), 
^""^  or  the  part  projecting  over  the  free 

"'  1.  "hJ5  of  hBir-"    surface  of  the  skin,  is  of  exactly  the 
cuticle.'  '        '    same  structure  as  the  root,  exceptthat 
it  possesses  no  inner  root-sheath. 
386.  As   mentioned  above,  at  the  hair-bulb  the 
|)olyhedral  cells  constituting  this  latter  gradually  pass 
into  the  different  parts  of  the  hair—  i.e.  marrow-sub- 
stance, cuticle,  and  inner  root-sheath — arid  the  con- 
tinualnew  production  of  cells  over  the  papilla  causesa 
gradual  progression  and  conversion  of  the  cells,  and  a 
cori'esponding  growth  in  length  of  the  hair. 

Pigmented  hairs,  as  mentioned  ahove,  contain  pig- 
ment granules  between- — i.e.  in  the  interstitial  sub- 
stance cementing  together — the  liair-fibres,  and  ditluse 
pigment  in  their  substance.  According  to  the  amount 
of  these  pigments,  but  especially  of  the  interstitial 
pigment  granules  (Pincus),  the  colour  of  the  liair  is 


of  a  greater  or  lesser  dark  tint.  In  red  liaira  there 
is  chiefly  diffuse  pigment.  In  white  or  albino  hairs 
neither  the  one  nor  the 
other  pigment  is  pi'esent ; 
in  grey  there  is  air  at  least 
in  the  superficial  layers  of 
the  hair  substance,  besides 
absence  of  pigment. 

Sleek  hairs  are  circular, 
curly  oval,  in  cross-section. 
Sleek  haira  are  implanted 
with  their  hair-bulb 
straight ;  in  curly  hairs  the 
hair-bulb  forma  a  more  or 
leas  pronounced  hook.  This 
is  the  cause  for  the  more 
or  less  s]Hral  twisting  of 
the  hair-shaft  of  curly  haire 
during  its  growth  outwards. 

387.  New  rormation 
of  hair  (Fig.  257).— 
Every  hair,  be  it  fine  and 
short  or  thick  and  long, 
under  normal  conditions, 
has  only  a  limited  exist- 
ence, for  its  hair-follicle, 
including  the  papilla,  sooner 
or  later  undergoes  degener- 
ation, and  subsequent  to 
this  a  new  papilla  and  a 
new  hair  are  formed  in  its 
place.  What  liappena  w 
this — the  lower  part  of  the 
hair-follicle,  including  the 
papilla  and  hair-bulb,  de- 
generate and  are  gradu- 
ally absorbed.     Then  there 


4i6  Elements  of  Histology, 

is  left  only  the  upper  part  of  the  follicle,  and  in  the 
centre  of  this  is  the  remainder — t.e.  non-degenerated 
portion — of  the  hair-root.  The  fibres  of  this  are  at 
the  extremity  fringed  out  and  lost  amongst  the  cells 
of  the  outer  root-sheath  of  the  follicle.  This  repre- 
sents the  Imirknoh  (Henle).  Now,  from  the  outer 
root-sheath  a  solid  cylindrical  outgrowth  of  epithelial 
cells  into  the  depth  takes  place  ;  against  the  extremity 
of  this  a  new  papilla  is  formed.  In  connection  with 
this  new  papilla,  and  in  the  centre  of  that  cylindrical 
outgrowth,  a  new  haii-bulb  and  hair  are  formed,  and 
as  the  latter  gradually  grows  outwards  towards  the 
surface,  it  lifts,  or  rather  pushes,  the  old  hair — i,e, 
the  hair-knob — out  of  the  follicle.  The  outer  part  of 
the  follicle  of  the  old  hair  persists. 

Thus  we  find  in  all  parts  of  the  skin  where  hairs 
occur  complete  or  papillary  hairs  side  by  side  with 
degenerating  hairs  or  hair-knobs. 

388.  Development  of  hair. — In  the  human 
foetus  the  hair-follicles  make  their  first  appearance 
about  the  end  of  the  third  month,  as  solid  cylindrical 
outgrowths  from  the  stratum  Malpighii.  This  is  the 
rudiment  of  the  outer  root-sheath.  After  having  pene- 
trated a  short  distance  into  the  corium,  this  latter 
becomes  condensed  around  it  as  the  rudiment  of  the 
hair-sac,  and  at  the  distal  extremity  forms  the  papilla 
growing  against  the  outer  root  sheath  and  invagin- 
ating  it.  On  the  surface  of  the  papilla  a  rapid  mul- 
tiplication of  the  epithelial  cells  of  this  extremity  of 
the  outer  root-sheath  takes  place,  and  this  forms  the 
hair- bulb,  by  the  multiplication  of  whose  cells  the  hair 
and  the  inner  root-sheath  are  formed.  As  growth 
and  multiplication  proceed  at  the  hair  bulb,  so  the 
new  hair,  with  its  pointed  end,  gradually  reaches  the 
outer  surface.  It  does  not  at  once  penetrate  the 
epidermis,  but  remains  growing  and  burrowing  its 
way  for  some  time  in  the  stratum  corneum  of  the 
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et)idennis  in  a  more  or  less  horizontal  direction,  till  it 
finally  lifts  itself  out  of  this  beyond  the  free  surface, 

389.  In  many  mammals  occur,  amongst  ordinaiy 
hairs,  special  large  hairs,  with  huge  hair-folliclea 
planted  deeply  into  the    subcutaneous  tissue ;   such 


are  the  big  hairs  in  the  skin  about  the  lips  of  the  mouth 
in  the  dog,  cat,  rabbit,  guinea-pig,  mouse  and  rat,  etc. 
These  are  the  taolUe  hairs  (Fig.  258).  Their  hair-follicle 
possesses  a  thick  hair-sac,  in  which  are  contained  large 
sinuseB  intercommunicating  with  one  another  and 
with  the  blood  system ;  these  sinuses  a.re  sK^ii.i^'wiX, 
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by  trabeculse  of  non-strii)ed  muscular  tissue,  and 
represent,  therefore,  a  cavernous  tissue.  The  papilla 
is  large,  and  so  is  the  outer  root-sheath  and  the 
hair-root  in  all  its  parts.  There  are  vast  numbers  of 
nerve-fibres,  distributed  and  terminating  amongst  the 
cells  of  the  outer  root-sheath  (Arnstein). 

390.  With  each  hair- follicle  are  connected  one  or 
two  sebaceovjs  follicles.  These  consist  of  several  flask- 
shaped  or  oblong  alveoli,  joined  into  a  common  short 
duct  opening  into  the  hair-follicle  near  the  surface — 
i.e,  that  part  called  the  neck  of  the  hair-follicle. 

The  alveoli  have  a  limiting  membrana  propria; 
next  to  this  is  a  layer  of  small  polyhedral,  granular- 
looking  epithelial  cells,  each  with  a  spherical  or  oval 
nucleus ;  next  to  this,  and  filling  the  entire  cavity  of 
the  alveolus,  are  large  polyhedral  cells,  each  with  a 
spherical  nucleus ;  the  cell  substance  is  filled  with 
minute  oil  globules,  between  which  is  left  a  sort  of 
honeycombed  reticulated  stroma.  The  cells  nearer  to 
the  centre  of  the  alveolus  are  the  largest.  Towards 
the  duct  they  become  shrivelled  up  into  an  amorphous 
mass.  The  duct  itself  is  a  continuation  of  the  outer 
root-sheath. 

As  multiplication  goes  on  in  the  marginal  layer  of 
epithelial  cells — i,e.  those  next  the  membrana  proprise 
— the  products  of  this  multiplication  are  gradually 
shifted  forward  towards  the  duct,  and  through  this 
into  the  neck  and  mouth  of  the  hair-follicle,  where 
they  constitute  the  elements  of  sebum. 

There  is  a  very  characteristic  misproportion  be- 
tween the  size  of  the  hair-follicle  and  that  of  the 
sebaceous  gland  in  the  embryo  and  newly-born,  the 
sebaceous  gland  being  there  so  large  that  it  forms  the 
most  conspicuous  part,  the  minute  hairs  (lanugo) 
being  situated,  as  it  were,  in  the  duct  of  the  sebaceous 
follicle. 

391.  In  connection  with  each  hair-follicle,  espe- 
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oially  wLei-e  they  are  of  good  size—as  in  tlie  aciilp — 
there  is  a  bundle,  or  rather  group  of  bundles,  of  non- 
striped  muscular  tissue;  this  is  the  arreclor  pili.  It  is 
'  ri  the  hair-sac  near  the  bulbous  portion  of  the 


hair-follicle,  and  passes  in  an  oblique  direction  towards 
tlie  surface  of  the  coriuni,  grasping,  as  it  were,  on  its 
way  the  sebaceous  follicle,  and  teiminating  near  the 
papillary  layer  of  the  surface  of  the  corium.  The 
arrectoi'  pili  forma  with  tlie  hair-follicle  an  acut« 
angle— tliis  latter  being  planted  into  the  skin  in  an 
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oblique  direction,  as  mentioned  above — and  conse- 
quently, when  the  arrector  contracts,  it  has  the  effect 
of  raising  the  hair-follicle  and  hair  (cutis  anserina — 
"goose's  skin"),  and  of  making  the  hair  assume  a 
more  upright  position  (causes  it,  as  we  say,  to  "  stand 
on  end'*).  At  the  same  time,  it  compresses  the 
sebaceous  follicle,  and  thus  facilitates  the  discharge  of 
the  sebum. 

392.  The  corium  of  the  scrotum,  of  the  nipple  of 
the  breast,  of  the  labia  pudendi  majora,  and  of  the 
penis,  contains  numbers  of  bundles  of  non-striped 
muscular  tissue  (Kolliker),  independent  of  the  hairs  ; 
these  run  in  an  oblique  and  horizontal  direction,  and 
form  plexuses. 

393.  The  nails  (Fig.  259).— We  distinguish  the 
hotly  of  the  nail  from  the  free  'margin  and  from  the 
root ;  the  body  is  the  nail  proper,  and  is  fixed  on  to 
the  nail-bed,  while  the  nail-root  is  fixed  on  the  nail- 
matrix— ^t.e.  the  posterior  part  of  the  nail -bed.  The 
nail  is  inserted,  with  the  greater  parb  of  its  lateral  and 
with  its  posterior  margin,  in  the  nail-groove,  a  fold 
by  which  the  nail-matrix  passes  into  the  surrounding 
skin. 

394.  The  substance  of  the  nail  is  made  up  of  a 
large  number  of  strata  of  homogeneous  horny  scales  — 
the  nail-cells — each  with  a  stafl-shaped  remnant  of  a 
nucleus. 

The  corium  of  the  nail-bed  is  highly  vascular ;  it 
is  firmly  fixed  by  stiff  bands  of  fibrous  tissue  on  the 
subjacent  periosteum  ;  it  is  covered  with  a  stratum 
Malpighii  of  the  usual  description,  except  that  the 
stratum  granulosum  is  absent  in  the  nail-matrix,  but 
is  present  in  a  rudimentary  state  in  the  rest  of  the 
nail-bed.  The  nail  itself  represents  the  stratum 
lucidum,  of  course  of  exagorerated  thickness,  situated 
over  the  stratum  Malpighii  of  the  nail-l)ed.  There 
is  no  stratum  corneum  over  the  nail. 
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The  stratum  Maljjighii  and  coriuni  of  the  nail-bed 
are  placed  into  permanent  minute  folds,  and  the  nail 
possesses  on  its  lower  surface  corresponding  linear 
indentations. 

395.  In  the  foetal  nail-bed  the  stratum  Malpighii 
is  covered  with  the  usual  stratum  lucidum  and  stratum 
corneum,  but  the  former  is  the  larger  ;  by  a  rapid 
multiplication  of  the  cells  of  the  stratum  Malpighii, 
and  a  conversion  of  its  superficial  i;ells  into  the  scales 
of  the  stratum  lucidum,  the  foetal  nail  is  produced. 
At  this  early  stage  the  nail  is  covered  by  stratum 
corneum.  Bv  the  end  of  the  fifth  month  the  nail 
margin  breaks  through  this  stratum  corneum,  and  by 
the  seventh  month  the  greater  part  of  the  nail  has 
become  clear  of  it. 

396.  The  blood-vessels  of  the  skin.— The 
blood-vessels  are  arranged  in  different  systems  for  the 
different  parts  of  the  skin  (Tomsa)  : — 

(a)  There  is,  first,  the  vascular  system  of  the 
adipose  tissue,  differing  in  no  way  from  the  dis- 
tribution of  blood-vessels  in  fat  tissue  of  other  places. 

(b)  Then  there  is  the  vascular  system  of  the  hair- 
follicle.  The  papilla  has  a  capillary  loop,  or  rather 
a  minute  arteriole,  a  capillary  loop,  and  a  descending 
vein,  and  the  fibrous  tissue  of  the  hair-sac  possesses 
capillaries  arranged  as  a  network  with  elongated 
meshes,  with  its  afferent  arteriole  and  efi'erent  vein. 

(c)  The  sebaceous  follicle  has  its  afferent  arteriole 
and  efierent  vein,  and  capillary  networks  surrounding 
the  alveoli  of  the  gland.  The  arrector  pili  and  other 
bundles  of  non-striped  muscular  tissue  possess  capil- 
lary networks  with  elongated  meshes. 

(d)  The  sweat  glands  have  an  afferent  arteriole, 
from  which  proceeds  a  very  rich  network  of  capil- 
laries, twining  and  twisting  round  the  gland-tube. 
The  duct  possesses  its  separate  afferent  arteriole  and 
capillaries,  forming  elongated  meshes. 
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(e)  The  last  arterial  branches  are  those  that  reach 
the  surface  of  the  cotium,  and  there  break  up  iato  a 
dense  capillary  network  with  loopa  for  the  papillte. 
In  connection  with  these  capUlaries  is  a  rich  plexuB  of 
veins  in  the  superficial  layer  of  the  corium. 


(J)  In  the  nail-bed  are  dense  networks  of  capil- 
laries, with  loops  for  the  above-named  folda.-n-' '" 

397.  The  Ij'mphatics  (Fig.  260).— There  are  net- 
works of  lymphatic  vessels  in  all  strata  of  the  skin ; 
they  are,  more  or  less,  of  horizontal  expansion,  with 
oblique  branches  passiii<,'  between  them.  Their  wall 
is  a  single  luyi'i'  of  endothelial  cells,  and  some  of  them 
(  valves.     Those  of  the  surface  of  the  corium 
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take  up  lymphatics  of  the  papilla;.  The  subcutaneous 
lymphatics  are  the  biggest.  The  fat  tissue,  the  sweat- 
glands,  and  the  hair-follicles  possess  their  own  lym- 
phatic clefts  and  sinuses.  The  interfascicular  spaces 
of  the  corium  and  subcutaneous  tissue  are  directly 
continuous  with  the  lymphatic  vessels  in  these  parts. 

398.  The  nerves. — The  nerve-branches  break  up 
into  a  dense  plexus  of  fine  nerve  fibres  in  the  super- 
ficial layer  of  the  corium.  This  plexus  extends  hori- 
zontally, and  gives  off*  numerous  elementary  fibrils 
to  the  stratum  Malpighii,  in  which  they  ascend  verti- 
cally, and  in  a  more  or  less  wavy  fashion  towards  the 
stratum  lucidum  (Langerhans,  Podkopaeff",  Eberth, 
Eimer,  Ranvier,  and  others).  According  to  some, 
they  terminate  with  a  minute  swelling ;  according  to 
others,  they  form  networks;  according  to  more 
recent  observations,  some  of  the  fibrils  terminate 
also  in  the  substance  of  the  deep  epithelial  cells  {see 
Chap.  XIV.). 

The  subcutaneous  nerve-branches  of  some  places 
— palm  of  hand  and  foot,  and  skin  of  penis — give 
off*  single  medullated  nerve  fibres,  terminating  in  a 
Pacinian  corpuscle,  mentioned  in  a  former  chapter. 
In  the  volar  side  of  the  fingers  and  toes  there  occur 
in  some  of  the  papillae  of  the  corium  the  tactile  or 
Meissner's  corpuscles,  each  connected  with  one  or  two 
medullated  nerve  fibres,  as  described  in  a  previous 
chapter.  The  outer  root- sheath  of  the  hair-follicles 
contains  the  terminations  of  fine  nerve  fibres,  in  the 
shape  of  primitive  fibrillse  (Jobert,  Bonnet,  and 
Arnstein).  According  to  Jobert,  the  nerve  fibres 
entwine  the  hair-follicle  in  circular  turns.  The 
tactile  hairs  possess  a  greater  supply  of  nerves  than 
the  ordinary  hair-follicles. 
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CHAPTER  XXXVII. 

THE   CONJUNCTIVA   AND    ITS   GLANDS. 

399.  (1)  The  eyelids  (Fig.  261).— The  outer 
layer  of  the  eyelids  is  skin  of  ordinary  description ; 
the  inner  is  a  delicate,  highly  vascular  membrane — 
the  conjunctiva  palpebrce.  This  includes  a  firm  plate 
— the  tarsal  plate — which  is  not  cartilage,  but  very 
dense,  white,  fibrous  tissue.  In  it  lie  embedded  the 
Meibomian  glands.  These  extend  in  each  eyelid  in  a 
vertical  direction  from  the  distal  margin  of  the  tarsal 
plate  to  the  free  margin  of  the  eyelid  ;  in  the  posterior 
angle  of  this  margin  lies  the  opening  or  mouth  of  each 
of  the  Meibomian  glands. 

The  duct  of  a  Meibomian  gland  is  lined  with  a 
continuation  of  the  stratified  pavement  epithelium, 
lining  the  free  margin  of  the  lid  ;  it  passes  in  the 
tarsal  plate  toward  its  distal  margin,  and  takes  up  on 
all  sides  short  minute  ducts,  each  of  which  becomes 
enlarged  into  a  spherical,  saccular,  or  fiask-shaped 
alveolus.  This  is  identical  in  structure  and  secretion 
toith  the  alveoli  of  the  sebaceous  follicles  of  the  skin. 

400.  The  conjunctival  layer  is  separated  from  the 
subcutaneous  tissue  of  the  skin  layer  of  the  eyelid  by 
the  bundles  of  the  sphincter  orbicularis — striped  mus- 
cular tissue.  Some  bundles  of  this  extend  near  the 
free  margin  of  the  lid,  and  represent  what  is  known 
as  the  musculus  ciliaris  Riolani.  This  sends  bundles 
around  the  mouth  of  the  Meibomian  ducts. 

401.  At  the  anterior  angle  of  the  free  margin  of 
the  lid  are  th(»  eyelashes  or  cilia,  remarkable  for  their 
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thickness  and  rapid  reproductioii.     Near  the  cilia,  but 
towards    the   Meibomiftu   ducts,    open    tlie   ducts    of 
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peculiar  large  glands — the  glands  of  Mohl.     Each  of 

thuae  is  a,  wavy  or  sjiiral  tube,  passing  in  n  vpiticul 
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direction  from  the  margin  of  the  lid  towards  its  distal 
part ;  it  completely  coincides  in  structure  with  the 
large  portion  of  a  sweat  gland — i.e.  that  part  contain- 
ing a  columnar  epithelial  lining,  and  between  this  and 
the  membrana  propria  a  longitudinal  layer  of  non- 
striped  muscular  cells. 

The  free  margin  is  covered,  as  mentioned  above, 
with  stratified  pavement  epithelium,  into  which  the 
mucous  membrane  extends  in  the  shape  of  minute 
papillae.  In  the  conjunctiva  palpebraj  the  epithelium 
is  a  thin  stratified  pavement  epithelium  ;  there  are 
no  papillae,  but  the  sub-epithelial  mucosa — that  is,  the 
layer  situated  between  the  epithelium  of  the  surface 
and  the  tarsal  plate — contains  a  dense  network  of 
capillary  blood-vessels. 

402.  Passing  from  the  eyelids  on  to  the  eyeball, 
we  have  the  continuation  of  the  conjunctiva  palpebrse 
— i.e.  the  fornix  conjunctivae — and,  further,  the  con- 
junctiva fixed  to  the  sclerotic,  and  terminating  at  the 
margin  of  the  cornea — the  conjunctiva  bulbi.  The 
epithelium  covering  the  conjunctiva  fornicis  and  con- 
junctiva bulbi  is  stratified  epithelium,  the  superficial 
cells  being  short  columnar ;  next  to  the  fornix  the 
superficial  cells  are  beautiful  columnar,  and  the 
mucosa  underneath  the  epithelium  is  placed  in  regular 
folds  (Stieda,  Waldeyer).  Towards  the  cornea  the 
epithelium  of  the  conjunctiva  assumes  the  character 
of  stratified  pavement  epithelium,  and  minute  papillae 
extend  into  it  from  the  mucosa. 

403.  The  mucous  membrane  is  fibrous  tissue,  con- 
taining the  networks  of  capillary  blood-vessels. 

Into  the  fornix  lead  minute  mucous  glands,  em- 
bedded in  the  conjunctiva  fornicis;  they  are  the  glands 
of  Krmise.  Similar  glands  exist  in  the  distal  portion 
of  the  tarsal  plate. 

404.  The  blood-vessels  of  the  conjunctiva 
terminate  as  the  capillary  Tujtwork  of  the  su|)erficial 
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layer  of  the  mucosa,  and  as  capillaiy  networks  for  the 
Meibomian  glands,  Krause's  gland,  etc.  Around  the 
corneal  margin  the  conjunctival  vessels  are  particu- 
larly dense,  and  loops  of  capillaries  extend  from  it 
into  the  very  margin  of  the  cornea. 

405.  The  lymphatics  form  a  superficial  and 
deep  network.  Both  are  connected  by  short  branches. 
The  deep  vessels  are  possessed  of  valves.  The  super- 
ficial plexus  is  densest  at  the  limbus  cornese,  and  they 
are  in  direct  connection  with  the  interfascicular  lymph 
clefts,  both  of  the  sclerotic  and  cornea.  In  the 
margin  of  the  lid  the  superficial  lymphatics  of  the  skin 
anastomose  with  those  of  the  conjunctiva. 

Lymph  follicles  occur  in  groups  in  the  conjunctiva 
of  many  mammals  about  the  inner  angle  of  the  eye. 
In  the  lower  eyelid  of  cattle  they  are  very  conspicuous, 
and  known  as  the  glands  of  Bruch.  They  are  also 
well  marked  in  the  third  lid  of  many  mammals. 

According  to  Stieda  and  Morano,  isolated  lymph 
follicles  occur  also  in  the  human  conjunctiva. 

406.  The  nerves  are  very  numerous  in  the  con- 
junctiva; they  form  plexuses  of  non-medullated  fibres 
underneath  the  epithelium.  From  these  plexuses  fine 
fibrils  pass  into  the  epithelium  of  the  surface,  between 
whose  cells  they  terminate  as  a  network  (Helfreich, 
Morano).  End  bulbs  of  Krause  occur  in  great 
numbers  in  man  and  calf.  They  have  been  mentioned 
in  a  former  chapter. 

407.  (2)  The  lachrymal  g^lands  are  identical 
in  structure  with  the  serous  or  true  salivary  glands. 
The  arrangement  of  the  connective-tissue  stroma,  the 
nature  and  structure  of  the  ducts — especially  of  the 
intralobular  ducts— and  alveoli,  the  distribution  of 
blood-vessels  and  lymphatics,  are  exactly  the  same 
as  in  the  true  salivary  glands.  Reicliel  has  found 
that  the  epithelial  colls  lining  tlu^  alveoli  are  well 
defined,  conical  or  cylindrical,  transparent,  and  slightly 
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granular  during  rest ;  but  during  secretion  they  grow 
smaller,  more  opaque  and  more  granular,  their  outlines 
are  not  well  defined,  and  the  nucleus  becomes  more 
spherical  and  placed  more  centrally. 

408.  In  most  mammals  there  is  in  the  inner  angle 
of  the  eye,  and  closely  placed  against  the  surface  of 
the  eyeball,  a  gland  called  Harder' s  gland.  Accord- 
ing to  Wendt,  this  is  either  a  true  serous  gland,  like 
the  lachrymal — as  in  the  ox,  sheep,  and  pig — or  it  is 
identical  in  structure  with  a  sebaceous  gland,  as  in 
the  mouse,  rat,  and  guinea-pig ;  or  it  consists  of  two 
portions,  one  of  which  (white)  is  identical  with  a 
sebaceous,  while  the  other  (rose-coloured)  is  a  true 
serous  gland  ;  such  is  the  case  in  the  rabbit  and  hare 
According  to  Giacomini,  a  rudiment  of  Harder's  gland 
exists  also  in  the  ape  and  man. 
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CHAPTER  XXXVIII. 

CORNEA,     SCLEROTIC,     LIGAMENTUM      PECTINATUM      AND 

CILIARY    MUSCLE. 

409.  I.  The  cornea  (Fig.  262)  of  man  and  many 
mammals  consists  of  the  following  layers,  counting 
from  front  to  back  : — 

(1)  The  epithelium  of  the  anterior  surface  (see 
Fig.  26).  This  is  a  very  transparent,  stratified  pave- 
ment epithelium,  such  as  has  been  described  in  par. 
22.  It  is  directly  continuous  with  the  epithelium  of 
the  conjunctiva,  but  it  is  more  transparent ;  in  dark 
pigmented  eyes  of  mammals  the  epithelium  of  the 
conjunctiva  is  also  pigmented.  In  these  cases  the 
pigment,  as  a  rule,  does  not  pass  beyond  the  margin 
of  the  cornea. 

410.  (2)  Next  follows  a  homogeneous  elastic  mem- 
brane, Bowman^s  inembrarie,  or  elastica  anterior.  It 
is  best  shown  in  the  human  eye,  but  is  present,  even 
though  only  rudimentary,  in  the  eye  of  mammals. 

(3)  Then  follows  the  ground  substance,  or  sub- 
stantia propria,  of  the  cornea.  This  is  composed  ot* 
lamellae  of  bundles  of  fibrous  connective  tissue. 
Neighbouring  lamellae  are  connected  with  one  another 
by  oblique  bundles. 

The  fibre  bundles  within  each  lamella  run  parallel 
to  the  surface  of  the  cornea,  but  may  cross  one 
another  under  various  angles. 

In  the  anterior  layer  of  the  ground  substance  some 
of  the  bundles  pass  through  several  lamellae  in  an 
oblique  manner ;  they  represent  the  fi^braa  'A.\Q,v\^\sfe. 
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The  fibrils  witliin  the  bundles,  and  the  liundleH, 
id  the  Inmelife  of  bundles  are  held  together  by  an 
interstitial,  albu- 
minous, aemi-fluid  ce- 
ment substance,  which, 
like  other  similar  in- 
terstitial substances, 
Iwloiigs  to  the  globu- 
lins, and  is  soluble  in 
10  per  cent,  saline 
Boiution  (Schweigger 
Seidel).  A  few  elastic 
fibrils  are  seen  here 
and  tliei-p.  Between 
the  lamcllffi  are  left  the 
lacuna;  and  canal iculi 
for  tlie  branched,  flat- 
tened, nucleated,  cor- 
rw.al  corpuscles,  de- 
chapter  (Figs.  37,  38). 
They  anastomose  with 
one  another  within  the 
same  plane,  and  also, 
to  a,  limited  degree, 
with  those  of  neigh- 
I>ouriug  planes. 

411.  (4)Theinein- 
bran  a  Descemeli, 
or  elastica  posterior, 
is  a  resistant  elastic 
membrane,  conspic- 
uous by  its  thickness 
in  all  corner. 

(5)  The  posterior 
surface  of  this  mem- 
brane is  covered  with 
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a  mosaic  of  beautiful  'polygonal  endotJielial  cellsj 
each  with  an  oval  nucleus — the  endothelium  of 
Descemet's  membrane.  Under  stimulation  these 
cells  contract.  At  first  they  appear  slightly  and 
numerously  branched,  but  gradually  their  processes 
become  longer  and  fewer,  and  ultimately  they  are 
reduced  to  minute  clumps  of  nucleated  protoplasm, 
each  with  a  few  long  processes. 

There  are  no  blood-vessels  in  the  normal  cornea, 
except  in  foetal  life,  when  there  is  underneath  the 
anterior  epithelium  a  plexus  of  capillaries. 

The  lymphatics  are  represented  as  the  intercom- 
municating lymph-canalicular  system — i.e.  the  lacunae 
and  canaliculi  of  the  corneal  corpuscles  ;  and  in  con- 
nection with  these  are  lymph  channels  lined  with  a 
continuous  endothelium  and  containing  the  nerve 
bundles. 

412.  The  nerves  (Figs.  103,  105,  106)  are  distri- 
buted as  the  nerves  of  the  anterior  layers,  and  as 
those  of  the  Descemet's  membrane.  The  first  form 
rich  plexuses  of  fibrillated  axis  cylinders,  with  trian- 
gular nodal  points  (Cohnheim),  in  the  anterior  layers 
of  the  ground  substance ;  from  this  plexus  pass 
obliquely  through  Bowman's  membrane  short  branches 
— the  rami  perforantes  (Kolliker) — and  these  imme- 
diately underneath  the  epithelium  break  up  into  their 
constituent  primitive  fibrils,  the  latter  coming  off 
the  former  brush-like  (Cohnheim).  These  primitive 
fibrillse  ultimately  ascend  into  the  anterior  epithelium 
(Hoyer,  Cohnheim,  and  others),  where  they  branch, 
and  nearly  reach  the  free  surface.  They  always  run 
between  the  epithelial  cells,  and  are  connected  into 
a  network.  According  to  some  observers,  they  ter- 
minate with  free  ends,  pointed  or  knobbed ;  but 
according  to  others  these  apparent  free  ends  are 
not  in  reality  free  endings  (Figs.  107,  263  and 
264). 


432  Elements  of  Histology. 

413.  The  nerves  of  Descemet's  membrane  form 
also  a  plexus  of  non-medullated  fibres  in  the  posterior 
layers  of  tlie  ground  substance ;  from  them  come 
off  vast  narabers  of  primitive  fibriilie,  running  a  more 
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in  their  lalfiral  branchletn,  terminfttliu 

or  less  straight  and  long  course,  crossing  one  another 
often  under  right  angles ;  they  give  off  very  fine 
tibrils,  which  are  closely  associated  with  the  corneal 
corpuscles,  without,  however,  really  becoming  con- 
tinuous with  their  protoplasm. 

414.  II.  The  scleroMc  consists  of  lamellie  of 
tendinous  tissue.  The  bundles  of  fibrous  tissue  are 
opaque  as  compared  with  those  of  the  cornea,  although 
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s  lymph 


they   pass    msenaibly    into  them.     There  ar 
delts   hetweeB   tJie   Jauiellfe   and  trabeculse,  aad  m 
tliem  lie  the   flattened    connective-tisBue   coi-piiscles, 
which,  in  the  dark  ejes  ef  some  mammals  only,  contain 


Fig.  am.— Frnni  the  sai 


pigment  gra,nules.     Numerous  elastic  fibrils  aie  met 
with  in  the  inner  layers  of  the  scleiotic 

415.  Between  the  aclerotic  and  choroid  membrane 
is  a  loose  fibrous  tissue  which  acts  also  as  the  sup 
porting  tiasue  for  the  blood  vessels  passing  to  and  from 
the  choroid.  The  part  of  thii  loose  tissue  next 
to  the  sclerotic,  and  forming  part  as  it  were  of 
the  sclerotic,  contains,  m  daik  ejes  of  mammals 
B  ]iigmented  connective  tia-L«e  wyc^iia^sa    ■& 
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is  then  called  lainiiw.  fusca.  The  rest — i.e.  next 
to  the  choroid  membrane — is  the  supra-choroidal 
tissue. 

416.  There  H  re  blood-vessels  in  the  sclerotic,  which 
belong  to  it ;  they  are  arterioles,  capillaries,  and 
veins  ;  in  addition  to  these  are  the  vascular  branches 
passing;  to  and  from  the  choroid. 

417.  III.  The  lig^amentum  pectinatum 
i  rid  is  (seeYig,  262)  is  a  conical  mass  of  spongy  tissue 
joining  firmly  the  cornea  and  sclerotic  to  the  iris  and 
ciliary  processes.  It  forms  an  intimate  connection,  on 
the  one  hand,  with  the  junction  of  cornea  and  sclerotic, 
and  on  the  other,  with  that  of  the  iris  and  ciliary  pro- 
cesses. This  ligament  is  composed  of  trabeculae  and 
lamellse  of  stiff  elastic  fibrc'^,  forming  a  continuity,  on 
the  one  hand,  with  the  lamina  Descemeti  of  the  cornea 
and  the  elastic  fibres  of  the  sclerotic,  and  on  the  other 
with  the  tissue  of  the  ciliary  border  of  the  iris.  The 
trabeculse  anastomose,  so  as  to  form  a  honeycombed 
plexus,  and  the  spaces  in  this  plexus  are  lined 
with  a  layer  of  flattened  endothelial  cells,  directly 
continuous  with  the  endothelium  of  Descemet's  mem- 
brane on  the  one  hand,  and  with  the  layer  of  endo- 
thelial cells  covering  the  anterior  surface  of  the  iris 
on  the  other  hand.  In  some  mammals,  the  spaces 
in  the  ligamentum  pectinatum  near  the  iris  are 
very  considerable,  and  are  called  the  spaces  of 
Fontana. 

The  interlamellar  and  interfascicular  lymph 
spaces  of  the  sclerotic  form  an  intercommunicating 
system. 

The  nerves  form  a  dense  plexus  of  non-medullated 
fibres  in  the  tissue  of  the  sclerotic  (Helfreich). 

At  the  point  of  junction  of  the  cornea  and  sclerotic, 

but  belonging  to  the  latter,  and  in  the  immediate 

neighbourhood  of  the  ligamentum  pectinatum  iridis, 

is  a  circular  canal — the  canal  of  Schlemm  ;    this  is 
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lined  with  endothelium,  and  is  considered  by  some 
(Schwalbe)  as  a  lymphatic  canal ;  by  others  (Leber) 
as  a  venous  vessel. 

418.  IV.  The  ciliary  muscle  (Fig.  262),  or 
tensor  choroidese,  is  fixed  to  this  ligaraentum  pecti- 
natum  ;  it  is  composed  of  bundles  of  non-striped 
muscular  tissue.  This  muscle  consists  of  two  parts  : 
(a)  one  of  circular  bundles  nearest  to  the  iris — this 
is  the  portio  Miilleri ;  (6)  the  greater  part  is  composed 
of  radiating  bundles,  passing  from  the  ligamentum 
pectinatuin  in  a  meridional  direction  for  a  consider- 
able distance  backwards  into  the  tissue  of  the  choroid 
membrane.  It  occupies  the  space  between  the  liga- 
mentum pectinatum,  sclerotic,  ciliary  processes,  and 
the  adjoining  portion  of  the  choroid  membrane. 
The  bundles  of  the  muscle  are  arranged  more 
or  less  in  lamellae  ;  within  each  lamella  they  form 
plexuses. 

A  rich  plexus  of  non-meduUated  nerve  fibres,  with 
groups  of  ganglion  cells,  belongs  to  the  ciliary  muscle. 
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CHAPTER  XXXIX 

IRIS,    CILIARY    PROCESSES    AND   CHOROID. 

419.  I.  The  iris  consists  of  the  following  layers  : — 

(1)  The  endothelium  of  the  anterior  surface  :  trans- 
parent, flattened,  or  polyhedral  cells,  each  with  a 
spherical  or  slightly  oval  nucleus ;  in  dark-coloured 
eyes  of  man  and  mammals  brown  pigment  granules 
are  contained  in  the  cell  substance. 

(2)  A  delicate  hyaline  basement  membrane  :  it  is 
continuous  through  the  trabecuhe  of  the  ligamentum 
pectinatum  with  the  meinbrana  Descemeti  of  the 
cornea. 

(3)  The  substantia  propria  :  this  is  the  ground 
substance  ;  it  consists  of  fibrous  connective  tissue  in 
bundles,  accompanying  the  blood-vessels,  which  are 
very  numerous  in  the  tissue  of  the  iris.  Many 
connective-tissue  corpuscles  are  found  in  the  sub- 
stantia propria  ;  they  are  more  or  less  branched,  and 
many  of  them  contain,  in  all  but  albino  and  blue 
eyes,  yellowish-brown  pigment  granules.  The  depth 
of  the  colour  varies  according  to  the  number  of  these 
pigmented  connective-tissue  cells,  and  to  the  amount 
of  the  pigment  granules  present  in  them. 

(4)  A  hyaline  delicate  basement  membrane  limits 
the  substantia  propria  on  the  ])osterior  surface;  this 
is  an  elastic  membrane,  and  is  continued  over  the 
ciliary  processes  and  choroid  as  the  lamina  vitrea, 

420.  (5)  The  last  layer  is  the  epithelium  of  the 
posterior  surface ;  this  is  a  layer  of  polyhedral  cells, 
tilled  with  dark  plgocieTxt  ^taivu^les^  except  in  albinos^ 
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where  there  are  no  pigment  granules       This    endo- 
thelium is  called  the  uvea,  or  tapetum  nigrum.     The 
interstitial     cement    substance 
between  the    cells  is   not   pig 
mented,  but  transparent. 

The  name  "uvea"  is  some 
times  applied  to  the  whole  of  the 
iris,  ciliary  processes,  and  choroid 
membrane. 

In  blue  eyes  the  postei  loi 
epithelium  is  the  only  pigmented 
part  of  the  iris,  and  so  it  is 
also  in  new-bom  children,  whose 
iris  appeal^  blue.  In  all  cases 
where  the  iris  appears  blue 
this  is  due  to  the  dark  back 
— i.e,  the  pigmented  epithelium 
of  the  posterior  surface — beinj; 
viewed  through  a  dull  layer — 
i.e.  the  substance  of  the  iris. 

421.  Near  the  pupillary 
border  the  posterior  section  of 
tlie  substantia  pi-opria  contains 
a  broad  layer  of  circular  bundles 
of  non-Btripetl  muscular  tissue 
this  is  the  Kphinclur  jmpillm. 
In  connection  with  this  are 
bundles  of  non- striped  mus-  ^ 
cular  fibres,  passing  in  a  radi-  "' fc^o™'"^orr>Ui°c?  fpiSoa- 
ating  direction  towai-ds  the  *£!?  ^(""no'c'iLisry  prr> 
ciliary  margin  of  the  iris  :  these  rt"^e'rit"/,  «'pi'ii«" 
are  the  bundles  of  the  dila^  It^^iL^^  ""  '""'"'•'' 
lator  pupiUm,  forming  a  sort  of 

thin  membrane  near  the  posterior  surface  of  the 
iris  (Henle  and  others).  At  the  ciliary  margin 
the  bundles  take  a  circular  direction  and  form  a 
|,le.„.»  (Iv-Mir). 


ByeofB  Child.  (KSIlflxr, 
ofler  Arsold.) 
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422.  The  blood-veissels  (Fig.  265)  of  the  iris 
are  very  numerous.  The  arteries  are  derived  from 
the  circulus  arteriosus  iridis  major,  situated  at  the 
ciliary  margin  of  the  iris,  and  from  the  arteries  of 
the  ciliary  processes.  These  arteries  run  in  a  radi- 
ating direction  towards  the  pupillary  margin,  where 
they  terminate  in  a  dense  network  of  capillaries  for 
the  sphincter  pupillaj.  But  there  are  also  numerous 
capillary  blood-vessels  of  a  more  or  less  longitudinal 
direction  near  the  posterior  surface  of  the  iris.  The 
veins  accompany  the  arteries,  and  both  are  situated 
in  the  middle  stratum  of  the  substantia  propria. 

In  the  sheath  of  the  blood-vessels  are  lymph  clefts 
and  lymph  sinuses;  there  appear  to  be  no  other 
lymphatics. 

423.  The  nerve  fibres  are  very  numerous 
(Arnold,  Formad),  and  in  the  outer  or  ciliary  portion 
of  the  iris  form  a  rich  plexus,  from  which  are  derived  : 
(a)  networks  of  non-medullated  fibres  for  the  dilator 
pupillse ;  (6)  a  network  of  fine  non-medullated  fibres 
for  the  anterior  surface  ;  and  (c)  a  network  of  non- 
medullated  fibres  for  the  sphincter  pupillse. 

The  capillary  blood-vessels  are  also  accompanied 
by  fine  nerve  fibres  (A.  Meyer),  and,  according  to 
Faber,  there  exist  ganglion  cells  in  these  nerve  net- 
works. 

424.  IT.  The  ciliary  processes  are  similar  in 
structure  to  the  iris,  except,  of  course,  that  they  do 
not  possess  an  anterior  endothelium  or  an  anterior 
basement  membrane.  The  substantia  propria  is 
fibrous  tissue  with  elastic  fibres  and  numerous 
branched  cells,  pigmented  in  dark  (but  not  in  blue) 
eyes.  The  posterior  basement  membrane  is  very 
thick,  and  is  called  the  lamina  vitrea  ;  in  it  may  be 
detected  bundles  of  fine  fibrils.  It  possesses  perma- 
nent folds  arranged  in  a  network  (H.  Miiller).  The 
inside  of  it  is  covered  with  a  layer  of  pigmented  poly- 
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hedral  epithelium  the  ta-petuin  nigrum  the  cells  are 
polygonal  when  iiewcd  from  the  surface  The  in 
dividual  cells  are  separated  by  thin  lines  of  a  trans 
parent  cement  substance  This  pigmented  epithelium 
is    cohered  with    a    layer    of  transparent    columnar 


epitheloid  cells,  each  with  an  oval  nucleus.  Thene  are 
closely  fixed  on  the  tapetnm  nigrum,  and  are  the 
continuation  of  the  retina  over  the  ciliary  processes : 
this  is  the  pars  ciliaris  retime  (Fig.  266). 

425.  The  arterial  brandies  for  the  ciliary  processes 
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and  muscle  are  chiefly  derived  from  the  circulus 
arteriosus  iridis  major,  and  form  a  dense  network  of 
capillaries  for  the  former ;  each  ciliary  process  pos- 
sesses a  conical  group  of  capillaries  (Fig.  265). 

426.  III.    The    choroid    membrane    consists — 
counting  from  outwards,    i.e.  from  the  sclerotic,  in- 
wards,    i.e.      towards 
tbe  retina — of  the  fol- 
ing  layers :  — 
(1)  Themembrana 
supra- choroid  ea.    This 
continuation    of 


»^^WS^**     ••-.••--a:55s55-  the      sclerotic,      with 

,  ,  ^        ^.     ,.  which    it   is    identical 

Fig.  207.— Pigmented  Connective-tissue       .       ^         ^  ^- 

Cells  of  the  Choroid  Coat.     {Atlas.)  in  structure  ;  thcspaccs 

between  its  lamellae  are 
lined  with  endothelium,  and  represent  lymph  spaces 
(Schwalbe). 

(2)  Next  follows  an  elastic  layer  which  contains 
networks  of  elastic  fibres,  the  branches  of  the  arteries 
and  veins,  and,  in  its  outer  portion,  pigmented  cells 
(Fig.  267). 

427.  (3)  Then  follows  the  membrana  chorio-capil- 
laris,  a  dense  network  of  capillary  blood-vessels  em- 
bedded in  a  tissue  containing  numerous  branched  and 
unbranched  pigmented  and  unpigmented  connective - 
tissue  cells. 

(4)  The  lamina  vitrea ;  and,  finally, 

(5)  The  tapetum  nigrum,  or  the  pigmented  epithe- 
lium, which,  however,  is  considered  part  of  the  retina. 
In  the  region  of  the  ora  serrata  of  the  retina — i.e. 
next  to  the  ciliary  processes — also  this  zone  of  the 
choroidea  is  lined  with  a  layer  of  transparent, 
columnar,  epitheloid  cells,  representing  the  pars 
ciliaris  retinae. 

428.  The  arterise  ciliares  breves  and  recurrentes, 
situated  in  the  outer  part  of  the  choroidal  tissue,  form 
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ultimately  the  dense  networks  of  capillaries  for  the 
chorio-capillaries.  The  veins  derived  from  this  pass 
into  the  outer  part  of  the  choroid,  where  they  anasto- 
mose so  as  to  form  the  peculiar  large  veins,  which  are 
called  the  venae  vorticosae. 

In  the  eyes  of  some  animn-ls  (cat,  dog,  sheep,  ox) 
there  exists  a  special  layer  of  cells  (cat,  dog)  or 
fibres  (herbivora),  which,  owing  to  its  capability  of 
reflecting  a  great  deal  of  light,  is  called  the  tapetum 
Iticidum  or  me  iibrana  versicolor  of  Fielding.  This 
layer  when  present  is  situated  between  the  stroma 
of  the  choroid  (layer  2)  and  the  membrana  chorio- 
capillaris  (layer  3). 
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CHAPTER  XL. 

THE  LENS  AND  VITREOUS  BODY. 

429.  (1)  The  lens  consists  of  a  thick,  firm,  elastic 
capsule  and  of  the  lens  substance.  The  former  shows 
tine  longitudinal  striae,  and  diminishes  in  thickness 
towards  the  posterior  pole  of  the  lens.  The  surface 
of  the  capsule  facing  the  anterior  surface  of  the  lens 
substance  is  lined  with  a  single  layer  of  polj^hedral, 
granular-looking,  epithelial  cells,  each  with  a  spherical 
or  oval  nucleus.  This  epithelium  stops  as  such  at  the 
margin  of  the  lens,  where  its  cells,  gradually  elongat- 
ing, pass  into  the  lens  fibres.  The  nuclei  of  these  lie 
in  a  curved  plane  belonging  to  the  anterior  half  of  the 
lens :  this  is  the  nuclear  zone.  The  lens  substance 
consists  of  the  lens  fibres.  These  are  band-like,  hexa- 
gonal in  transverse  section  ;  their  outline  is  beset  with 
numerous  fine  ridges  and  furrows,  which  in  neigh- 
bouring fibres,  fitting  the  one  into  the  other,  form  a 
firm  connection  between  the  fibres  (Valentin,  Henle, 
Kolliker,  and  others).  The  fibres  of  the  peripheral 
portion  are  broader  and  thicker,  and  their  substance 
is  less  firm  than  those  of  the  centre — i.e.  of  the  lens 
nucleus.  The  substance  of  the  lens  fibres  is  finely 
granular  and  delicately  and  longitudinally  striated. 

430.  The  lens  fibres  (Fig.  268)  are  arranged  in 
concentric  lamella?,  each  consisting  of  a  single  layer  of 
fibres  joined  by  their  broad  surfaces.  Each  fibre  is 
slightl}^  enlarged  at  the  extremities ;  and  in  each 
lamella  the  fibres  extend  from  the  anterior  to  the 
posterior  surface.     Their  extremities  are  in  contact 
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with  tlie  ends  of  the  fibre^^  of  the  same  lamella  in  the 
guturea,  or  the  rays  of  the  so-called  /e-im  starii.  In 
the  lens  of  the  newly-born  child,  the  stars  of  both 
anterior  and  posterior  laniellEe  possess  three  such  rays, 
while  in  the  adidt  each  of  these  rays  has  secondary 
rays.  In  these  rays  there  is  a  homogeneous  thin  layer 
of  an  albvininous  cement  substance ;  a  similar  sub- 
stance in  minute  quantity  is  also  present  between  the 
lamellte,  and  in  it  occur  smaller  or  larger  clefts  and 
channels,  which  evidently  carry  the  nutritious  fluid  for 
the  lens  fibres. 

431.  (2)  The  vilreons  body  is  a  fluid  substance 
enclosed  in  a  delicate  hyaline  capsule — the  mmiibrmia 
hyaloidea.     This  membrane,  at 

the  margin  of  the  fossa  patel-      t 

laris  of  the  vitreous  body — i.e.     |i]j  jjIV    ■    ,      i'l  11' 

the  fossa  in  wliich  the  lens  is     P^f'W;-''  V  ,,■■    ,''.'. 

lodged — and    without    covering      ','■',  ' '  " 

this  fossa,  passes  as  the  zonuk 

ciliaris,    or    zonula   Zinnii,    oi-        ' 

8ti»p«niory  ligament  of  the  lena, 

to  tlie  margin  of  the  latter,  to 

which  it  is  firmly  adhering.     So 

it  adheres  also  to  the  surface  of    Y\a.  °6s.— Fm 

the  ciliary  processes.  The  zonula       tiirounii  Uh  Lens  of  bog. 

Zirmii  IS  hyaline  and  hrm,  and     simwiiiB  (our  luiieiiB'  m 

is  strengthened  by  numbers  of       nE«B»™iut"«™M'iSe>' 

bundles  of  minute  stifi'  fibrils.  JSm."  "  "'"*'"'''  ""■"" 

Between  the  suspensoiy  liga- 
ment of  the  lens,  the  margin  of  the  lensi  and  of  the 
fossa  patellai'is  is  a  circular  lymph  space,  called  the 
canalis  Fetiti. 

Beneath  the  membrana  hyaloidea  are  found  iso- 
lated nucleated  granular-looking  cells  (the  sub-hyaloid 
cells  of  Ciaccio),  possessed  of  amreboid  movement 
(lvu,o9> 

432.  The  substance  of  the  corpus  vitieum  appears 
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differentiated  by  clefts,  concentric  in  the  peripheral, 
radiating  in  the  central  part  (Briicke,  Hannover, 
Bowman,  Ivanoff,  Schwalbe).  But  these  do  not  con- 
tain any  distinct  membranous  structures  (Stilling, 
Ivanoff,  Schwalbe). 

The  canalis  hyaloideus,  or  canal  of  Stilling,  extends 
from  the  papilla  nervi  optici  to  the  posterior  capsule 
of  the  lens,  and  is  lined  with  a  continuation  of  the 
membrana  hyaloidea. 

433.  In  the  substance  of  the  corpus  vitreum  occur 
isolated  nucleated  cells,  possessed  of  amoeboid  move- 
ments, and  some  contain  vacuoles,  indicating  com- 
mencing degeneration.  They  are  all  identical  with 
white  blood-corpuscles  (Lieberkiihn,  Schwalbe). 

Fine  bundles  of  fibrils  are  occasionally  seen  in  the 
substance  of  the  vitreous  body. 


CHAPTER  XLI. 


THE   RETINA. 


434.  The  retina  (Fig.  269)  consists  of  the  follow- 
ing layers,  counting  from  inwarda  towards  the  choroid 
membrane ;  —  (1) 
The  membrana  li 
mitansint        a 
which    is   n     t    t 
the  membra      hy 
loidea   of    th 
treous    body       (  ) 


the 


hb 


layer  ;  (3)  th 
of  ganglion  cell 
(4)  the  inne    gra 
ular  or  inne   m  1 
cular layer;  (5)  th 
layer       of 
nuclei ;      (6)     tb 
outer  grant  1 
outer  molecul 
intemuclearl  y 
(7)    the    lay         f 
outer    nucle       (S) 
the    meinl 
limitans    exte 
(9)    the    layei     of 
rods     and    cones ; 
and    (10)  the  pig- 
mented epithelii 


'  -„   I'l'' 


of   the    retina,    or    the    lapetum 


nigrum  mentioned  above  (p.  439),  which  forms,  at  the 


same  time,  the  in 

membrane. 

43S.  From  tli 
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lining  epithelium  of  the  choroid 
■wugement  are  exoejited  (a)  the 


ipilla  iiervi  optioi,  (6)  the  macula  hitea  and  fovea 

mtralis  retinte,  and  (c)  tlie  oi-a  serrata  of  the  retina. 

(a)  Tlie  papilla  nervi  optici,  or  the  blind  spot  of 
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the  retina,  represents  the  entrance  of  the  optic  nerve 
fibres  into  the  retina ;  thence,  as  from  a  centre,  they 
spread  out  in  a  radiating  direction  into  the  saucer- 
shaped  retina,  of  which  they  form  the  internal  layer. 
No  other  elements  of  the  retina  are  present  at  the 
papilla,  except  a  continuation  of  the  limitans  interna. 
At  the  papilla  nervi  optici  the  arteria  and  vena 
centralis  nervi  optici  also  enter,  and  spread  out  with 
their  branches  in  the  inner  layers  of  the  retina.  A 
large  lymph  space  is  also  found  there. 

(6)  The  macula  lutea  and  fovea  centralis  will  be 
considered  after  the  various  layers  of  the  retina  have 
been  described. 

(c)  At  the  ora  serrata  all  circular  and  nuclear 
elements  of  the  retina — except  the  pigmented  epithe- 
lium— and  the  nerve  fibres,  come  to  an  end  ;  but  the 
limitans  interna,  with  its  peculiar  radial  or  Muller's 
fibres,  is  continued  over  the  ciliary  processes  in  the 
shape  of  columnar  epitheloid  nucleated  cells  men- 
tioned above  :  this  is  the  pars  ciliaris  retinae. 

436.  Structure  of  the  layers  of  the  retina  (Figs. 
270,  271). 

(1)  The  membrana  limitans  interna  is 
composed  of  more  or  less  polygonal  areas,  which  are 
the  ends  or  bases  of  pyramidal,  finely-striated  fibres 
— the  radial  fibres  of  Miiller.  Each  radial  fibre  passes 
from  the  limitans  interna  in  a  vertical  direction 
through  all  layers  to  the  limitans  externa,  and  on  its 
way  gives  off*  numerous  lateral  branchlets,  fibrils  and 
membranes,  which  anastomose  with  one  another  so  as 
to  form  a  honeycombed  stroma  or  matrix  for  all 
cellulat  and  nuclear  elements  of  the  retinal  layers. 
In  the  nerve  fibre  layer  the  radial  fibres  are  thickest, 
this  being,  in  fact,  the  pyramidal  basis  ;  in  the  inner 
nuclear  layer  each  possesses  an  oval  nucleus. 

437.  (2)  The  layer  ot  nerve  fibres. — The 
optic  nerve  fibres  at  their  entrance  into  tlv^,  ^^<$^?^ 
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Ele. 


■■  f/iSTor.acv. 


lose  tlieir  medullary  sheath,  and  only  the  transparent 
axis  cylinder  is  prolonged  Into  the  retina.  In  man, 
medullftted  nerve  fibres  in  the  retina  are  very  excep- 
tional ;  in  the  rabbit  there  are  two  bundles,  whose 
fibres  retain    their  medullary  sheath    in    the    retina 


(Bowman).  The  nerve  fibres  remain  grouped  in 
bundles  in  the  retina,  and  even  form  plexuses.  For 
obvious  reasons,  the  number  of  nerve  fibres  in  the 
nerve  fibrR  layer  diminishes  towards  the  ora  aerrata. 

438.  (3)  The  layer  of  Kanifllon  cell8.^There 
is  one  striitum  of  these  cells  only,  except  in  the 
niHCula,  liitea,  where  they  foi'ni  several  stratti.     E^icli 
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cell  is  multipolar,  and  possessed  of  a  large  nucleus. 
One  process  is  directed  inwards  and  becomes  the 
axon,  being  a  fibre  of  the  nerve  fibre  layer.  Several 
branched  processes  or  dendrites  pass  from  the  opposite 
side  of  the  cell  into  the  next  outer  layer — i,e,  the 
inner  molecular  layer. 

From  the  researches  of  Eam6n  y  Cajal,  it  is  clear 


Fig.273. — From  the  Retina  of  Dog.  {Afttr  Cajal,  from  Quain's  *'  Aiiatomy. 

A,  Small  amacrine  (spongioblast)  of  the  inner  molecular  layer :  c,  large  ganglion 
cell;  /1 9f  f^t  it  small  ganglion  cells  arborising  in  the  inner  molecular  layer. 

that  the  dendrites  terminate  by  arborisations  or  den- 
drons  in  the  next  or  inner  molecular  layer  (see  Figs. 
272,  273,  and  274). 

The  ganglion  cells  are  separated  from  one  another 
by  the  radial  fibres  of  Miiller. 

439.  (4)  The  inner  molecular  layer  is  a 
fine  and  dense  reticulum  of  fibrils,  with  a  small 
amount  of  granular  matter  between.  The  fibrils  are 
connected  with  lateral  branchlets  of  the  radial  fibres 
of  Miiller.  This  layer  is,  on  account  of  its  thickness, 
a  conspicuous  part  of  the  retina.  In  lower  vertebrates 
it  appears  stratified. 

As  mentioned  just  now,  it  contains  the  terminal 
arborisations  of  the  dendrites  of  the  ganglion  cells. 

440.  (5)  The  inner  nuclear  layer  contains  in 
a  honeycombed  matrix  of  a  hyaline  stroma  numerous 
nuclei,  in  two,  three,  or  four  layers.  In  the  am- 
phibian retina  these  form  a  larger  number  of  layers. 
Some  oblong  nuclei  of  this  layer  belong,  as  has  been 
mentioned   above,    to  the    radial   fibres    of    MxiXkfcx. 
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Next  to  the  molecular  layer  are  small  nuclei  belonging 
to  flattened  branched  cells  (Vintscligau),  the  gpongio- 
blasls  of  W.  Muller,  These  cells  have  been  shown 
by  Golgi's  method  to  be  possessed  of  rich  arboriaations, 
which  extend  horizontally  into  the  outer  and  inner 


molecular  layei-s  {see  Fig  272)  Ramoa  y  Cajal 
designatea  them  an  amaci  iiiei,  But  the  great 
majoritv  of  the  uuclii  of  this  laver  are  "^lightly  o\al, 
with  a  reticulum  iii  then  inteiior  Each  belongs  to 
a  spindle  sh  iped  (.ell,  with  a  small  amount  of  proto- 
plasni  around  the  nucleus     it  is,  in  fact,   a  bipolar 
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ganglion  cell  (Max  Schultze),  of  which  one  process  (the 
inner)  passes  as  a  fine  varicose  fibre  into  the  inner 
molecular  layer,  where  it  terminates  as  a  delicate  den- 
dron,  while  the  other  or  outer  process  passes  into  the 
next  outer  layer  of  the  retina — i.e.  the  outer  molecu- 
lar layer,  to  terminate  here  by  a  rich  arborisation  or 
dendron  (Fig.  272). 

(6)  The  outer  molecular  layer  is  of  the  same 
structure  as  the  inner  molecular  layer — i.e.  a  fine 
reticulum  of  fibrils — but  is  considerably  thinner  than 
the  latter.  It  also  contains  the  dendrons  of  cells 
inside  and  outside  it  (Fig.  272). 

441.  (7)  The  outer  nuclear  layer  contains,  in 
a  honeycombed  matrix,  a  large  number  of  oval  nuclei. 
In  the  retina  of  man  and  mammals  these  nuclei  are 
always  present  in  considerably  greater  numbers  or 
layers  than  those  of  the  inner  nuclear  layer,  but  in 
the  amphibian  animals  the  reverse  is  the  case.  They 
are  smaller  than  the  nuclei  of  the  inner  nuclear  layer, 
and  show  often  a  peculiar  transversely-ribbed  differ- 
entiation of  their  contents  (Henle,  Krause).  The 
honeycombed  matrix  of  this  layer  is  in  connection 
with  lateral  branchlets  of  the  radial  fibres  of  Muller, 
with  which  it  forms  a  sorb  of  limiting  delicate  mem- 
brana  propria  at  the  outer  surface  of  the  layer ; 
this  is 

442.  (8)  The  limitans  externa.— The  nuclei  of 
the  outer  nuclear  layer  next  to  this  limitans  externa  are 
connected,  in  the  retina  of  man  and  mammals,  with 
the  cones,  while  the  nuclei  farther  inwards  from  the 
limitans  externa  are  connected  with  the  rods.  In 
both  instances  the  connection  is  established  through 
holes  in  the  limitans  externa.  Each  nucleus  of 
the  outer  nucleai*  layer  is,  in  reality,  that  of  a 
spindle-shaped  cell  with  a  minute  amount  of  proto- 
plasm ;  this  is  prolonged  outwards,  as  the  outer  part 
of  the  rod-  or  cone-fibre,  to  become  connected  ^V^Osv  ^ 
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rod  or  cone  respectively,  while  inwards  it  passes  into 
a  longer,  more  conspicuous  fibre,  the  inner  part  of  the 
rod-  or  cone-fibre  (Fig.  272).  According  to  Ram6n 
y  Cajal,  the  cone  fibre  terminates  as  a  flat  dendron 
in  contact  with  the  tufty  arborisation  of  the  outer 
process  of  the  cells  of  the  inner  nuclear  layer— i.e.  in 
the  outer  molecular  layer  ;  the  rod-fibre  on  the  other 
hand  terminates  in  the  outer  molecular  layer  as  a 
small  knob  (Fig.  272)  in  the  outer  dendron  of  the 
same  cells 

443.  (9)  The  rods  and  cones.-Each  rod  is 
of  cylindrical  shape,  with  rounded  or  conical  outer 
extremity ;  it  consists  of  an  outer  and  inner  member, 
joined  by  linear  cement.  Its  substance  is  bright  and 
glistening,  and  that  of  the  outer  member  is  composed 
of  the  neurokeratin  of  Kiilme  and  Ewald.  In  the 
fresh  state  the  outer  member  shows  a  more  or  less  fine 
and  longitudinal  striation,  due  to  longitudinal  fine 
ridges  and  furrows  (Hensen,  Max  Schultze).  After 
certain  reagents,  such  as  serum,  liquor  potassse,  the  outer 
rod-member  disintegrates  into  numerous  transverse, 
thin,  homogeneous-looking  discs  (Hannover).  The 
inner  member  in  the  human  rods  is  slightly  broader 
than  the  outer ;  it  is  pale  or  finely  and  longitudinally 
striated,  and  contains  in  many  instances  a  peculiar 
lenticular  structure ;  in  the  human  and  mammalian 
retina  this  is  absent,  but  in  its  stead  is  a  mass  of 
longitudinal  fibrils  (Max  Schultze).  The  inner  member 
passes  through  a  hole  in  the  limitans  externa,  and 
becoming  thinner,  represents  the  outer  part  of  the 
rod -fibre. 

444.  Each  cone  is  composed  of  an  outer,  short, 
pointed,  conical  member,  and  an  inner  larger  member 
with  convex  surface :  this  is  the  body  of  the  cone. 
The  outer  member  of  the  cone  separates  under  certain 
conditions  also  into  thin  transverse  discs.  The  body 
oi  the  cone  is  longvtudmally  and  finely  striated.     The 
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outer  extremity  of  the  body  of  tbe  cones 
birds,  reptiles,  and  amphibia 
contains  a  sphenuii  corpuscle 
of  red,  orange  yellow  green 
or  even  blue  colouration 

The  cones  are  shorter  than 
the  rods,  the  pointed  end  of 
the  former  not  reaching  much 
farther  than  the  junction  be 
tween  the  outer  and  inner 
members  of  the  rods 

In  the  macula  lutea  and 
fovea  centralis  of  man  and 
most  mammah  there  are  pie 
sent  cones  only,  and  towards 
the  peripheral  portion  of  the 
retina  they  gradually  decrease 
in  numbers ;  in  the  peripheral 
part  there  are  only  rods.  But 
in  birds  the  cones  exceed  the 


In  the  bat  and  mole  tlie 
macula  lute 
cones,  and 
mouse,  guinea-pig  and  rabbit 
they  are  few  and  small. 

44fi,  The  outer  members 
of  the  rods  (only)  show  in 
the  fresh  and  living  state  a 
peculiar  diffuse  purplish  colour 
(Leydig,  Boll,  Kilhne) :  this  is 
the  visual  purple  or  Rliodopsin 
of  Kiihne.  When  exposed  to 
sunlight  it  passes  through 
red,  orange,  and  yellow,  and 
tinally  disappeiirs  altogether 
— becomes  bleached.    There  is 


454  Elements  of  Histology, 

no  visual  purple  in  the  rods  of  Rhinolophus  hipposi- 
deros,  fowl  and  pigem ;  in  those  retinae  in  which  the 
cones  contain  coloured  globules  {see  above)  the  sur- 
rounding rods  are  wanting  in  the  visual  purple. 

The  visual  purple  stands  in  an  intimate  relation  to 
the  pigmented  epithelium  of  the  retina,  since  a  retina 
regains  its  visual  purple  after  bleaching,  when  replaced 
on  the  pigmented  epithelium  (Kuhne),  This  holds 
good,  of  course,  only  within  certain  limits. 

446.  (10)  The  pig^mented  epithelium  (Fig. 
275),  or  tapetum  nigrum,  is  composed  of  polygonal 
protoplasmic  cells,  which,  when  viewed  from  the 
surface,  appear  as  a  mosaic,  in  which  they  are 
separated  from  one  another  by  a  thin  layer  of  cement 
substance.  Each  cell  shows  an  outer  non-pigmented 
part,  containing  the  slightly  flattened  oval  nucleus, 
and  an  inner  part  next  to  the  rods  and  cones, 
which  is  full  of  pigmented  crystallinfe  rods 
(Frisch).  This  part  is  prolonged  iiito  numerous 
fine  fibrils,  each  containing  a  row  of  the  pig- 
mented particles,  and  these  fibrils  pass  between  the 
outer  members  of  the  rods,  to  which  they  closely 
adhere,  and  which  in  reality  become  almost  entirely 
ensheathed  in  them  (M.  Schultze).  Each  cell  supplies 
a  number  of  rods  with  these  fibrils.  Sunlight  causes 
a  protrusion  of  these  fibrils  from  the  cell  body,  whereas 
in  the  dark  they  are  retracted  (Kuhne),  in  a  manner 
similar  to  what  takes  place  in  pigmented  connective- 
tissue  cells.  (See  par.  43.)  The  tint  of  this  pigment 
is  darker  in  dark  than  in  light  eyes.  It  is  bleached 
by  the  light  in  the  presence  of  oxygen  (Kiihne),  but  it 
persists  in  the  absence  of  oxygen  ( Mays). 

447.  The  macula  iutea  (Fig.  276)  of  man  and 
ape  contains  a  diffuse  yellow  pigment,  between  the 
elements  of  the  retina  (M.  Schultze).  In  man  and 
most     mammals,    as     mentioned     above,    there    are 

hardly   any    rods   here,  but    cones   only ;  these   are 
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d  in  the  fovea  centralis 

t  the  same  time,  very  thin. 

here,  the  nuclei   of  the 

1      ted  to  A  very  few  layers 

t  to  the  inembrana  liinitana 


For  this  reason,  the  rest  of  the  outer  nuclear 
layer  is  occupied  by  the  cone-tibres  only,  which  in  the 
fovea  centralis  pass  in  a  slanting,  or  almost  horizontal, 
direction  sidewHjs  into  the  outer  molecular  layer.  The 
ganglion  cells  form  several  strata  in  the  niactila  lutea. 
In  the  fovea  centralis  are  present  the  conea  (very  long 
and  thin),  the  limitans  externa,  the  few  nuclei  repre- 
senting the  outer  nuclear  layer,  a  thin  continuation  of 
the  inner  molecular  layer,  and  the  liuiitans  interna. 
448.  In  the  embryo,  the    primary   optic   veRiclft 
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becomes  invaginated  so  as  to  form  tlie  optic  cup, 
which  consists  of  two  layers — an  outer,  giving  origin 
to  the  pigmented  epithelium ;  and  an  inner,  the  retina 
proper.  In  this  latter  the  rods  and  cones,  with  their 
fibres  and  the  nuclei  of  the  outer  nuclear  layer,  are 
represented  by  columnar  epithelial  cells  (the  sensory 
epithelium)^  while  all  the  other  layers — i.e,  the  outer 
molecular,  inner  nuclear,  inner  molecular  layer,  gan- 
glion cells,  nerve  fibres,  and  limitans  interna — are  re- 
presented by  a  separate  layer :  Briicke's  tunica  nervea 
or  Henle's  stratum  nerveum. 

449.  The  blood-vessels  of  the  retina.  The 
branches  of  the  arteria  and  vena  centralis  of  the  optic 
nerve  can  be  traced  into  the  retina  in  the  layer  of 
nerve  fibres  and  ganglion  cells,  while  the  capillaries 
connecting  the  arteries  with  the  veins  extend  as  far  as 
the  outer  molecular  layer. 

The  lympliatics  of  the  retina  exist  as  perivas- 
cular lymphatics  of  the  retinal  veins  and  capillaries 
(His).  Lymph  channels  are  present  in  the  nerve  fibre 
layer. 

450.  The  lamina  cribrosa  is  the  part  of  the 
sclerotic  and  choroid  membrane  through  which  the 
optic  nerve  fibres  have  to  pass  in  order  to  reach  the 
papilla  nervi  optici.  In  the  optic  nerve  the  fibres  are 
grouped  in  larger  or  smaller  groups  — not  bundles  in 
the  sense  of  those  present  in  other  nerves  and  sur- 
rounded by  perineurium  {see  Chapter  XIV.)  ;  these 
groups  are  surrounded  by  septa  of  connective  tissue, 
and  they  pass  through  corresponding  holes  of  the 
sclerotic  and  choroid. 

451.  The  optic  nciTe  possesses  three  sheaths, 
composed  of  fibrous  connective  tissue :  an  outer,  or 
dural  ;  a  middle,  or  arachnoidal ;  and  an  inner,  or 
pial,  sheath  — all  continuations  of  the  membranes  of 
the  brain.  The  pial  sheath  is  the  perineurium,  the 
optic  nerve  being  comparable  to  a  compound  nerve- 
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bundle  {see  Chapter  XIV.).  The  dural  sheath  of 
the  optic  nerve,  at  its  entrance  into  the  lamina 
cribrosa,  passes  into  the  outer  strata  of  the  sclerotic, 
while  the  arachnoidal  and  pial  sheaths  pass  into  the 
inner  strata  of  the  sclerotic.  Outside  the  dural  sheath 
is  a  lymph  space — the  supravaginal  space ;  and  also 
between  these  various  sheaths  are  lymph  spaces — the 
subdural  or  sub  vaginal  space  of  Schwalbe,  and  the 
subarachnoidal  space.  The  supravaginal  and  sub- 
vaginal  spaces  anastomose  with  one  another  (Michel). 
452.  Around  the  sclerotic  is  a  lymph  space  limited 
by  a  fibrous  membrane — the  Te)ionian  capsule  :  the 
space  is  called  the  Tenonian  space.  The  supravaginal 
space  anastomoses  with  this  Tenonian  space,  and  into 
it  pass  also  the  lymph  clefts  in  the  suprachoroidal 
tissue  (Schwalbe),  by  means  of  the  lymph  canalicular 
system  of  the  sclerotic  (Waldeyer).  The  supra- 
choroidal lymph  spaces  communicate  also  with  the 
subarachnoidal  space  of  the  optic  nerve. 
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CHAPTER  XLII. 

THE    OUTER    AND    MIDDLE    EAR. 

453.  The  meatus  auditorius  externus  is  lined  with 
a  delicate  skin,  in  structure  identical  with,  but  thinner 
than,  the  skin  of  other  parts.  The  ceruminous 
glands  have  been  mentioned  and  described  before. 
The  cartilage  of  the  auricula  and  its  continuation  into 
the  meatus  auditorius  externus  is  elastic  cartilage. 

454.  The  membrana  tympani  separating  the 
outer  from  the  middle  ear  has  for  its  matrix  a  firm 
stratum  of  stiff  trabeculoe  of  fibrous  connective  tissue, 
with  numerous  elastic  fibrils  and  elastic  membranes. 
This  is  the  middle  and  chief  stratum  of  the  membrane  : 
outwards  it  is  covered  with  a  delicate  continuation  of 
the  skin  of  the  meatus  auditorius  externus,  and  inwards 
with  a  continuation  of  the  delicate  mucous  membrane 
lining  the  cavum  tympani.  In  the  middle  stratum  of 
the  membrana  tympani  the  trabeculse  radiate  more  or 
less  from  the  junction  of  the  manubrium  mallei  with 
the  membrane  ;  but  towards  the  periphery  many  are 
also  arranged  in  a  circular  direction.  The  former 
belong  to  the  outer,  the  latter  to  the  inner,  portion  of 
the  middle  stratum. 

The  mucous  membrane  lining  the  tympanic  surface 
of  the  membrane  is  delicate  connective  tissue,  covered 
with  a  single  layer  of  polyhedral  epithelial  cells. 

The  blood-vessels  fornn  capillary  networks  for  all 
three  layers — i.e.  a  special  network  for  the  skin  layer, 
a  second  for  the  middle  stratum,  and  a  third  one  for 
the  mucous  layer  •,  the  lymphatics  are  also  arranged  in 
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this  way.  An  intercommunicating  system  of  lym- 
phatic sinuses  and  clefts  (Kessel)  is  left  between  the 
trabeculse.  The  non-meduUated  nerve  fibres  form 
plexuses  for  the  skin  and  mucous  layer;  from  these 
pass  off  fine  fibrils,  which  form  a  sub-epithelial  net- 
work, and  from  this  the  fibrils  pass  into  the  epithelium. 

455.  The  tuba  £ustachii  is  lined  with  a 
mucous  membrane,  which  is  a  continuation  of  that 
lining  the  upper  part  of  the  pharynx,  and  therefore, 
like  it,  is  covered  on  its  inner  or  free  surface  with 
columnar  ciliated  epithelium.  As  in  the  pharynx,  so 
also  here,  we  find  a  good  deal  of  adenoid  tissue  in  the 
mucous  membrane. 

The  cartilage  of  the  tuba  Eustachii  in  the  adult 
approaches  in  structure  the  elastic  cartilages  of  other 
parts. 

456.  The  cavum  tympaiii,  including  the  cellulse 
mastoidese  and  the  surface  of  the  ossicula  auditus,  is 
lined  with  a  delicate  connective-tissue  membrane.  Its 
free  surface  is  covered  with  a  single  layer  of  poly- 
hedral epithelial  cells  in  the  following  regions  :  on 
the  promontory  of  the  inner  wall  of  the  cavity,  on  the 
ossicula  auditus,  on  the  roof  of  the  cavity,  and  in  the 
cellulse  mastoidese  ;  in  all  other  parts  it  is  columnar  cili- 
ated epithelium,  like  that  lining  the  tuba  Eustachii. 

457.  The  three  ossicula  auditus  are  osseous 
substance  covered  with  periosteum,  which  is  covered 
with  the  delicate  mucosa  just  described.  The  liga- 
ments of  the  bones  are,  like  other  ligaments,  made  up 
of  straight  and  parallel  bundles  of  fibrous  connective 
tissue.  The  articulation  surface  of  the  head  of  the 
malleus,  of  the  incus,  of  the  extremity  of  the  long 
process  of  the  incus,  and  of  the  stapes,  are  covered 
with  hyaline  (articular)  cartilage. 
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CHAPTER  XLTII. 

THE     INTERNAL     EAR. 

458.  The  osseous  labyrinth  consists  of  the  vesti- 
bule, prolonged  on  one  side  into  the  cochlea,  and  on 
the  other  into  the  three  semicircular  canals,  each  of 
which  possesses  an  ampulla  at  one  extremity.  The 
vestibule  shows  two  divisions — the  fovea  hemispheiica 
next  to  the  cochlea,  and  the  fovea  hemi-elliptica  next 
to  the  semicircular  canals.  The  cochlea  consists  of 
two  and  a  half  turnings  twisted  round  a  bony  axis — the 
modiolus.  From  this  a  bony  lamina  extends  towards 
the  outer  wall  for  each  turn,  but  does  not  reach  it : 
this  is  the  lamina  spiralis  ossea.  It  extends  through 
all  turns,  and  it  subdivides  the  cavity  of  each  turn 
into  an  upper  passage,  or  scala  vestibuli,  and  a  lower, 
or  scala  tympani.  At  tlie  top  of  the  cochlea  the  two 
scaliB  pass  into  one  another  by  the  helicotrema.  The 
scala  vestibuli  opens  into  the  ibvea  hemispherica, 
while  the  scala  tympani  at  its  commencement — i,e, 
at  the  proximal  end  of  the  first  turn — would  be  in 
communication,  by  the  fenestra  rotunda,  with  the 
cavum  tympani,  were  it  not  that  this  fenestra  rotunda 
is  closed  by  a  membrane — the  secondary  membrane. 

459.  The  semicircular  canals  start  from,  and  return 
to,  the  fovea  hemi-elliptica  of  the  vestibule. 

The  fenestra  ovalis  leads  from  the  cavum  tympani 
into  the  vestibule — its  hemispheric  division ;  and  this 
fenestra  ovalis  is,  in  the  fresh  condition,  filled  out  by 
a  membrane,  in  which  the  basis  of  the  stapes  is  fixed, 
the  circumference  of  this  being  nearly  as  great  as  that 
of  the  fenestra. 
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460.  The  osseous  labyrinth  in  all  parts  consists  of 
ordinary  osseous  substance,  with  the  usual  periosteum 
lining  its  outer  surface  and  its  inner  cavities.  These 
cavities  contain  the  albuminous  fluid  called  perilymph. 
But  they  are  not  tilled  out  by  this,  since,  in  each  of 
the  two  divisions  of  the  vestibule,  in  each  of  the 
semicircular  canals,  and  in  the  cochlea,  is  a  mem- 
branous structure,  analogous  in  shape  to  the  corre- 
sponding division  of  the  labyrinth.  These  membranous 
structures  possess  a  cavity  filled  with  the  same  albu- 
minous fluid  as  above,  called  the  endolymph.  These 
structures  are  disposed  thus  :  in  the  fovea  hemispherica 
is  a  spherical  sac,  called  the  saccule;  in  the  fovea 
hemi-elliptica  is  an  elliptical  sac,  the  utricle  ;  in  each  of 
the  three  semicircular  canals  is  a  membranous  semi- 
circular tube,  which  possesses  also  an  ampulla  corre- 
sponding to  the  ampulla  of  the  bony  canal. 

461.  In  the  cochlea  is  a  membranous  canal,  tri- 
angular in  cross-section — the  scala  media  or  cochlear 
duct — which  also  twists  two  and  a  half  times  from  the 
basis  to  the  apex  of  the  cochlea,  and  is  placed  against 
the  end  of  the  lamina  spiralis  ossea  so  as  to  occupy  a 
position  between  the  peripheral  part  of  the  scala  vesti- 
buli  and  scala  tympani. 

462.  The  different  divisions  of  the  membranous 
labyrinth  are  connected  with  one  another  in  this 
manner  :  the  three  semicircular  (membranous)  canals 
open  into  the  utricle ;  this  does  not  form  a  direct  con- 
tinuity with  the  saccule,  but  a  narrow  canal  comes  olf 
both  from  the  saccule  and  utricle;  the  two  canals 
join  into  one  minute  membranous  tube  situated  in  the 
aqueductus  vestibuli.  At  its  distal  end  it  enlarges 
into  the  saccus  endolymphaticus,  situated  in  a  cleft  of 
the  dura  mater,  covering  the  posterior  surface  of  the 
petrous  bone.  The  saccule  is  in  communication  with 
the  cochlear  canal,  or  scala  media,  by  a  short  narrow 
tube — the  canalis  reuniens  of   Reichert.      Thus  the 
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cavity  of  the  whole  membranous  labyrinth  is  in 
direct  communication  throughout  all  divisions,  and  it 
represents  the  inner  lymphatic  space  of  the  labyrinth. 
There  is  no  conmiunication  between  the  perilymph 
and  endolymph,  and  the  cavity  of  the  membranous 
labyrinth  stands  in  no  direct  relation  to  the  cavum 
tympani,  since  the  fenestra  oval  is  and  fenestra  rotunda 
both  separate  the  perilymphatic  space,  or  the  cavity 
of  the  bony  labyrinth,  from  the  cavum  tympani.  The 
vibrations  of  the  membrana  tympani,  transferred  by 
the  ossicula  auditus  to  the  fenestra  ovalis,  directly 
affect,  therefore,  only  the  perilymph.  The  fluctuations 
of  this  pass  from  the  vestibule,  on  the  one  side, 
towards  and  into  the  perilymph  of  the  semicircular 
canals ;  and  on  the  other  side,  through  the  scala 
vestibuli,  to  the  top  of  the  cochlea,  then  by  the  heli- 
cotrema  into  the  scala  tympani,  and  find  tlieir  conclu- 
sion on  the  membrana  secundaria  closing  the  fenestra 
rotunda.  On  their  way  they  affect  the  membrane  of 
Reissner,  which  separates  the  scala  media  from  the 
scala  vestibuli,  and  also  the  membrana  basilaris  separ- 
ating the  scala  media  from  the  scala  tympani  ;  the 
vibrations  of  these  membranes  affect  the  endolymph, 
and  therefore  the  nerve-endings  {see  below). 

463.  Structure  of  semicircular  canals, 
utricle  and  saccule. — The  membranous  semi- 
circvlar  canals  are  fixed  by  stiff  bands  of  fibrous 
tissue  to  the  inner  periosteum  of  the  one  (convex) 
side  of  the  osseous  canal,  so  that  towards  the  concave 
side  there  is .  left  the  space  for  the  perilymph.  A 
similar  condition  obtains  with  regard  to  the  saccule 
and  utricle,  which  are  fixed  by  the  inner  periosteum 
to  one  side  of  the  bony  part. 

The  structure  of  the  wall  is  the  same  in  the  semi- 
circular canals,  utricle  and  saccule.  The  above-men- 
tioned fibrous  ligaments  of  the  periosteum  form  an 
ozUer   coat;    inside  this   is    a   glassy-looking   tunica 
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propria.  At  one  side  (the  one  away  from  the  bone) 
this  tunica  propria  forms  numerous  papillary  projec- 
tions. The  internal  surface  of  the  membrane  is 
covered  with  a  single  layer  of  polyhedral  epithelial  cells. 
46i.  Each  of  the  branches  of  the  nervus  vestibuli 
—i.e.  one  for  the  sac- 
cule, one  for  the  utricle, 
and  three  for  the  three 
ainpullie  —  possesses  a 
ganglionic  swelling.  The 
nerve  -  branch,  having 
passed  through  the  mem- 
branous wall,  enters 
special  thickenings  of 
the  tunica  propria,  on 
that  part  of  the  mem- 
branous wall  next  to  the  *^' 
bone ;  in  the  saccule  and 
the  utricle  the  thicken- 


ing 


called 


pLg.    {AtUa.) 


aeualiea,  in  the  ampullse 
crista  acustica{Fig.  277) 
(M.  Schultae).  This 
thickening  is  a  la 
villous  or  fold-like  j 
jection  of  the  tunica 
propria,  into  which  pass 

the  nerve  fibres  of  the  1"^'^°^!^™""""  ™'"  """™  '"' 
several  branches.  These 

fibres  are  all  medullated  nerve  fibres,  and,  ascending 
towards  the  internal  or  frfie  surface  of  that  pro- 
jection, form  a  plexus.  In  this  plexus  are  in- 
terspersed numerous  nuclei.  From  the  medullated 
fibres  pass  ofl  minute  bundles  or  primitive  fibrillse, 
which  enter  the  epithelium  that  covers  the  free 
surface  of  the  projection. 

466.  This    epithelivin  is  compos^  (jt  *  W;j«t  o^ 


464 


Elements  of  Histology, 


columnar  or  conical  cells,  between  which  are  wedged 
in  spindle-shaped  cells ;  both  kinds  possess  an  oval 
nucleus.  According  to  Max  Schultze  and  others,  each 
of  the  spindle-shaped  cells  is  connected  by  its  inner 
process  with  the  nerve  fibrillae  coming  from  under- 
neath ;  whereas,  towards  and  beyond  the  free  surface, 


Fig.  278.— Nerve  Terminations  in  the  Epithelium  of  tlie  Macula  acustica. 
The  nerve  fibres  form  dendrona  in  the  epithelial  layer.  (J/ter 
Betzius,  from  Quain.) 


its  outer  process  is  prolonged  into  a  long,  thin,  stiff, 
auditory  hair.  Max  Schultze,  therefore,  calls  the 
columnar  cells  epithelial;  the  spindle-shaped  ones, 
sensory. 

Retzius,  on  the  other  hand,  maintains  that,  in  the 
case  of  fishes  at  any  rate,  the  epithelial  cells  are  those 
which  are  connected  each  with  a  bundle  of  nerve 
fibrillae,  and  that  e^gt  se.^d^  Put  over  the  internal  free 
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surface  a  bundle  of  fine  stiff  hairs — the  auditory  liairs. 
The  spindle-shaped  cells  of  Max  Schultze,  according 
to  this  theory,  are  only  supporting  cells.  The  free 
surface  of  the  epithelium  is  covered  with  a  homo- 
geneous cuticle,  perforated  by  holes  which  correspond 
to  the  epithelial  cells  and  the  auditory  hairs. 

By  Golgi's  method  Retzius  has,  however,  obtained 
evidence  (Fig.  278)  which  shows  that  fine  nerve 
fibres  terminate  by  arborisations  or  dendrons  amongst 
the  epithelial  cells  (Fig.  177). 

On  the  internal  surface  of  the  macula  and  crista 
acustica  are  found  the  otoliths,  rhombic  crystals,  and 
amorphous  masses,  chiefly  of  carbonate  of  lime,  em- 
bedded in  a  gelatinous  or  granular-looking  basis. 

466.  The  cochlea  (Fig.  279),  as  has  been  men- 
tioned above,  consists  also  of  a  bony  shell  and  a 
membranous  canal,  the  former  surrounding  the  latter 
in  the  same  way  as  the  bony  semicircular  canal  does 
the  membranous — i.e.  the  latter  is  fixed  to  the  outer 
or  convex  side  of  the  former.  The  difference  between 
the  cochlea  and  the  semicircular  canals  is  this,  that  in 
the  cochlea  there  is  a  division  of  the  perilymphatic 
space  by  an  osseous  projection — the  lamina  spiralis 
ossea — and  by  the  scala  media  into  two  scalse,  viz.  the 
(upper)  scala  vestibuli  and  the  (lower)  scala  tympani. 

467.  In  the  osseous  modiolus  are  numerous 
parallel  canals  for  bundles  or  groups  of  the  fibres  of 
the  cochlear  branch  of  the  auditory  nerve ;  these 
canals  open  into  the  porus  internus,  in  which  lies  a 
large  ganglion  connected  with  the  nerve. 

The  nerve  bundles  are  situated  in  the  canals  of  the 
modiolus,  and  opposite  the  lamina  spiralis  ossea  are 
connected  with  ganglionic  masses — composed  of  bipolar 
ganglion  cells — called  the  ganglion  spirale  of  Corti. 
From  this  ganglionic  mass  the  nerve  fibres  (all  niedul- 
lated)  can  be  traced  into  the  lamina  spiralis  ossea,  in 
which  they  form  rich  plexuses  extending  to  its  outer 
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margin — Le.  as  far  as  the  raerabrana  basilaiis  of  the 
scala  media  {see  below). 

468.  From  the  margin  of  the  lamina  spiralis  ossea 
to  the  external  bony  shell  extends  the  membrana  basi- 
laris  (Fig.  279),  forming  the  lower  and  chief  wall  of 
the  scala  media,  while  the  upper  wall  of  the  canal  is 
formed  by  the  membrane  of  Reissner,  extending 
under  an  acute  angle  from  near  the  margin  of  the 
lamina  spiralis  ossea  to  the  outer  bony  shell. 

On  a  transverse  section  through  the  scala  media 
we  see  the  following  structures  : — 

469.  (1)  Its  outer  wall  is  placed  close  against 
the  periosteum  lining  the  internal  surface  of  the  bony 
shell ;  it  consists  of  lamellar  fibrous  tissue,  with 
numerous  stiff  elastic  bands,  and  is  the  vestibular 
part  of  a  peculiar  ligament — the  ligamentuTth  spirale 
(KoUiker) — semilunar  in  cross-section,  and  with  its 
middle  angular  projection  fixed  to  the  outer  end  of 
the  membrana  basilaris. 

470.  (2)  Its  inner  wall  is  represented  by  an 
exceedingly  delicate  membrane — the  membrane  of 
Reissner :  this  is  also  its  upper  wall,  extending  under 
an  acute  angle  from  the  upper  outer  angle  of  the  scala 
media  to  the  lamina  spiralis  ossea.  But  here  it  is  not 
fixed  on  the  osseous  substance,  but  on  a  peculiar  pro- 
jection on  this  latter — the  crista  spiralis  (Fig.  279,  m) 
— which  is  a  sort  of  tissue  intermediate  between  fibrous 
and  osseous  tissue,  and  is  added  to  the  vestibular 
surface  of  the  lamina  spiralis  ossea.  This  crista  spiralis 
has  on  one  surface — i.e.  that  directed  towards  the 
scala  media — a  deep  sulcus,  called  the  sulcus  spiralis, 
or  sulcus  spiralis  internus ;  so  that  of  the  crista 
spiralis  there  are  two  labia  to  be  distinguished — the 
labium  vestibulare  and  the  labium  tympanicum  ;  the 
former  being  the  upper,  the  latter  the  lower,  boundary 
of  the  sulcus  spiralis  (Fig.  279). 

471.  (3)    The  lower  wall  of  the    scala   media 


468  ^Elements  of  Histology, 

is  the  memhrana  basilaris,  extending  in  a  straight 
line  betA^een  the  labium  tynipanicum  of  the  crista 
spiralis  and  the  above-mentioned  projection  of  the 
ligamentum  spirale.  The  scala  media  is  lined  on  its 
whole  internal  surface  with  epithelium,  this  only 
being  derived  from  the  epithelium  forming  the  wall 
of  the  auditory  vesicle  of  the  embryo,  peculiariy 
modified  in  certain  places.  The  scala  tympani  and. 
scala  vestibuli  are  likewise  lined  with  a  continuous 
layer  of  flattened  cells — an  endothelium,  which  on 
the  lower  or  tympanic  surface  of  the  membrana 
basilaris  is  somewhat  modified,  being  composed  of 
granular-looking  irregular  cells. 

472.  As  regards  the  scala  media,  the  epithelium 
lining  its  internal  surface  is  of  the  following  aspect : — 
Starting  with  the  lower  outer  angle — i.€.  where  the 
membrana  basilaris  is  fixed  to  the  ligamentum  spirale 
— we  find  a  single  layer  of  polyhedral  or  short 
columnar  transparent  cells,  lining  this  outer  angle — 
the  cells  of  Claudius;  ascending  on  the  ligamentum 
spirale,  the  cells  become  shorter,  more  squamous  ;  as 
such  they  are  found  over  a  slight  projection  on  the 
outer  wall — i.e.  the  ligamentum  spirale  accessorium — 
caused  by  a  small  blood-vessel,  the  vas  prominens. 

473.  Then  we  come  to  the  stria  vascularis, 
lining  nearly  the  upper  two-thirds  of  the  outer 
wall  of  the  scala  media.  It  consists  of  a  layer  of 
columnar  and  spindle-shaped  epithelial  cells,  between 
which  extend  capillary  blood-vessels  from  the  liga- 
mentum spirale,  and  in  some  animals  (guinea-pig) 
clumps  of  pigment  granules  are  found  between 
them. 

474.  Then  we  pass  from  the  upper  angle  of  the 
scala  on  to  the  membrane  of  Eeissner.  This  consists 
of  a  homogeneous  thin  membrana  propria,  covered  on 
its  outer  vestibular  surface  with  a  layer  of  flattened 
endothelium,  and  on  its  inner  surface — i.e.  that  facing 
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the  scala  media — with  a  layer  of  less  flattened,  smaller, 
polyhedral  epithelial  cells. 

475.  We  come  next  to  the  vestibular  labium  of 
the  crista  spiralis,  on  which  are  found  cylindrical 
horizontal  projections  anastomosing  with  one  another  : 
these  are  the  auditory  teeth  (Huschke).  The  epi- 
thelium of  Reissner's  membrane  is  continued  into  the 
grooves  and  pits  between  the  auditory  teeth  as  small 
polyhedral  cells,  but  over  the  teeth  as  large,  flattened, 
squamous  cells,  which,  passing  on,  line  the  sulcus 
spiralis  and  cover  also  the  tympanic  labium  of  the 
crista  spiralis.  Now  we  arrive  at  the  membrana 
basilaris,  on  which  the  epithelium  becomes  modified 
into  the  organ  of  Corti. 

476.  The  membrana  basilaris  consists  of  a 
hyaline  basement  membrane,  on  which  the  organ  of 
Corti  is  fixed  ;  underneath  this  is  the  tunica  propria, 
a  continuation  of  the  tissue  of  the  ligamentum  spirale, 
composed  of  fine  parallel  stifl"  fibrils  (Hannover, 
Henle)  stretched  in  a  very  regular  and  beautiful 
manner  in  the  direction  from  the  ligamentum  spirale 
to  the  crista  spiralis  (Nuel).  On  the  tympanic  side 
there  is  also  a  hyaline  basement  membrane.  The 
endothelial  cells  covering  this  on  the  tympanic  surface 
have  been  mentioned  above. 

477.  The  orgran  of  Corti  (Fig.  280).— Passing 
outwards  from  the  epithelium  lining  the  sulcus  spiralis, 
we  meet  with  small  polyhedral  epithelial  cells  in  the 
region  of  the  termination  of  the  lamina  spiralis  ossea, 
next  which  are  columnar-looking  cells — the  inner 
supporting  cells  ;  next  to  these  is  the  inner  hair-cell — 
a  columnar,  or  conical,  epithelial  cell,  with  a  bundle 
of  stiff"  hairs,  or  rods,  extending  beyond  the  surface. 
The  inner  hair-cells  form  a  single  file  along  the  whole 
extent  of  the  two  and  a  half  turns  of  the  scala  media. 

478.  Next  to  the  inner  hair-cell  is  the  inner  rod,  or 
inner  pillar,  of  Corti,  and  ueKt  to  \\\\^\}cife  ouXe^Y  xod.. 
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or  outer  pillar,  of  Corti.  Each  forma  a.  single  file  for 
the  whole  extent  of  the  t*o  and  a  half  turns  of  the 
scatft  media.  The  two  roda  are  inclined  towarda  one 
another,  and  in  contact  with  their  upper  extremity, 


or  head ;  whereaa  the  opposite  extremity,  the  foot, 
resta  under  an  acute  angle  on  the  nienibrana  basilaris, 
on  which  it  is  firmly  fixed.  The  rest  of  the  rod  is  a 
slender,  more  or  less  cylindrical,  [liece — the  body.  The 
outer  rod  ia  larger  and  longer  than  the  inner,  the 
latter  being  slightly  bent  in  the  middle.  Owing  to 
the  position  of  the  roda,  the  two  files  form  an  arch— 
the  arch  of  Corti.  Between  it  and  the  corresponding 
part  of  the  basilar  membrane  ia  a  space^the  tunnel 
of  the  arch,  triangular  in  crosa-section. 

479.  The  substance  of  the  rods,  or  pillars,  of  Corti 
is  bright,  highly  refracti^  e,  and  slightly  and  longitu- 
dinally atriated. 

The  heEid  of  the  inner  rod  is  triangular,  a  short 
process  extending  inwards  towards  the  inner  hair-cell, 
a  long  process  extending  outwards  over  the  head 
of  the  outer  pillar.  Outwards,  the  triangular  head 
possesses  a  concave  surface  grasping  the  convex 
surface  of  the  head  of  the  outer  rod.     This  latter 
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possesses  a  process  directed  outwards,  which  is  fimily 
applied  to  the  outer  process  of  the  head  of  the  inner 
rod,  the  two  together  forming  part  of  the  membrana 
reticularis  {see  below). 

The  relation  in  size  between  the  outer  and  inner 
rods  is  such  that  the  head  of  one  outer  rod  fits  into 
those  of  about  two  inner  rods. 

480.  At  the  foot,  each  rod  has,  on  the  side 
directed  towards  the  tunnel,  a  granular,  nucleated 
mass  of  protoplasm,  probably  the  remnant  of  the 
epithelial  cell  from  which  the  lower  half  of  the  rod  is 
derived;  the  upper  part  sometimes  has  a  similar 
nucleated  remnant,  proving  that  this  also  has  been 
formed  by  an  epithelial  cell,  so  that  each  rod  is  in 
reality  derived  from  two  epithelial  cells  (Waldeyer). 

481.  Next  follow  three  or  four  rows  of  outer  hair- 
cells,  similar  in  size  and  structure  to  the  inner  hair- 
cells.  Each  of  the  outer  hair-cells  seen  in  a  section 
belongs  to  a  file  of  hair-cells,  extending  on  the  mem- 
brana basilaris  along  the  whole  extent — i.e.  two  and 
a  half  turns  —  of  the  scala  media.  Each  hair-cell 
possesses  an  oval  nucleus  and  a  number  of  stifi 
rods,  or  hairs,  disposed  in  the  shape  of  a  horseshoe  in 
the  outer  part  of  the  free  surface  of  the  cell. 

Four,  and  even  five,  rows  or  files  of  hair-cells 
(Waldeyer),  arranged  in  an  alternating  manner,  are 
found  in  man. 

The  outer  hair-cells  are  also  called  the  cells  of 
Corti ;  they  are  conical,  and  more  or  less  firmly  con- 
nected with  a  nucleated  spindle-shaped  cell — the  cell 
of  Deiters.  The  two  cells  are  more  or  less  fused  to- 
gether in  their  middle  part  (Nuel).  The  cell  of  Corti 
is  fixed  by  a  branched  process  to  the  membrana 
basilaris,  while  the  cell  of  Deiters  sends  a  process 
towards  the  surface,  where  it  joins  the  membrana 
reticularis  (see  below). 

482.  Farther  outwards  from  the  last  vov^  qI  W^^ 
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hair-cells  are  columnar  epithelial  cells,  called  theoirfer 
suppordnff  cella  of  Hemen  ;  they  fomi  the  transition 
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to  the  epithelium  lining  the  outer  angle  of  the  sea  la 
media — i.e.  to  the  cells  of  Claudius. 

In  the  g»iinea-pig,  the  outer  supporting  cells 
include  fat  globules. 

483.  The  medullated  nerve  fibres,  which  we 
traced  in  a  former  page  to  the  margin  of  the  lamina 
spiralis  ossea,  form  rich  plexuses  in  this,  and  pass 
through  holes  in  it,  in  order  to  reach  the  organ  of 
Corti  on  the  membrana  basilaris.  Looking  from  the 
surface  on  this  part,  we  notice  a  row  of  holes — the 
Ihohenula  perforata  of  Kolliker — a  little  to  the  inside 
of  tiie  region  of  the  inner  hair-cells.  Numerous 
primitive  fibrillse  pass  there  among  small  nucleated 
cells  situated  underneath  the  inner  hair-cells  :  these 
are  the  granular  cells.  Some  of  these  nerve  iibrillae 
— the  inner  bundle  of  spiral  nerve  fibres — become 
connected  with  the  inner  hair-cells;  while  others  — 
the  three  outer  bundles  of  spiral  fibrils  (Waldeyer) — 
pass,  between  the  inner  rods  of  Corti,  right  through 
the  tunnel;  and,  further,  penetrating  between  the 
outer  rods  of  Corti,  they  reach  the  outer  hair  cells, 
with  which  they  become  connected  (Gottstein,  Wal- 
deyer).    (Fig.  281.) 

484.  In  connection  with  the  outer  process  of  the 
head  of  the  inner  and  outer  rods  of  Corti,  mentioned 
above,  is  an  elastic  hyaline  membrane — the  lamina 
or  menihrana  reticularis.  It  extends  outwards  over 
the  organ  of  Corti  to  the  supporting  cells  of  Hensen, 
and  possesses  holes  for  the  to})s  of  the  outer  hair-cells 
and  their  hairs.  The  parts  of  this  membrane  between 
the  heads  of  the  rods  of  Corti  and  between  the  outer 
hair-cells  appear  of  the  shape  of  narrow  phalanges  — 
phalanges  of  Deiters.  A  cuticular  membrane  extends 
from  the  head  of  the  inner  rods  of  Corti  inwards  to 
the  inner  supporting  cells :  it  possesses  holes  for  the 
tops  of  the  inner  hair-cells. 

485.  From   the   vestibular  labium  of  the  cv\at»» 
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spiralis  to  the  outer  hair  cells  of  the  organ  of  Corti 
extends  a  peculiar  fibrillated  membrane— the  mem- 
hrmua  tectoria.  By  means  of  it  the  sulcus  spiralis 
internus  is  bridged  over,  and  so  converted  into  a 
canal. 

486.  As  we  ascend  towards  the  top  of  the  cochlea, 
all  parts  in  the  scala  media  decrease  gradually  in  size. 
The  organ  of  Corti,  being  of  an  epithelial  nature, 
possesses  no  blood-vessels.  From  the  anatomical 
relations  of  the  organ  of  Corti,  it  appears  most 
probable  that  the  pillars,  or  rods,  of  Corti  act  as  the 
supporting  tissue,  or  framework,  around  which  the 
other  elements  are  grouped ;  and  it  seems  likely  that 
the  hair-cells,  with  their  rod-like  hairs  projecting 
freely  into  the  endolymph,  are  the  real  sound -per- 
ceiving elements  of  the  organ  of  Corti.  Their  connec- 
tion with  the  terminal  tibrillse  of  the  nerves  points  in 
the  same  direction. 

As  indicated  on  p.  460,  all  structures  of  the  scala 
media,  described  in  the  foregoing  pages,  form  an 
iminterrupted  succession  through  all  the  turns  of 
the  cochlea. 
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489.  In  the  U|>per  or  oltoclory  region  ( Fig.  282) 

of  tlie  nasal  cavity   the  mucous  membrane  is  of  a 
different  tint,  being  mure  of  a  brownish  colour;  it 


contains  the  raiuiti  cation  a  of  the  olfactory  nerve,  tuid 
is  the  seat  of  the  organ  of  smell. 

490.  The  free  surface  is  covered  with  a  columnar 
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epitlielium,  composed  of  tJie  followirg  kinds  of  cells 
(Fig.  283)  :- 

(a)  A  auperficial  layer  of  long  columnar,  or  rather 
conical,  epitlielial  cells,  each  with  an  oval  nucleus.    In 


bran  ofGu    e«  i  g 


some  places  the  free  surface  of  these  cells  is  covered 
with  a  bundle  of  cilia,  aiiniliir  to  the  superficinl  cells 
of  the  respiratory  part  of  the  nasal  cavity  ;  in  moat 
places,    however,"  the   cilia   ari"   absent ;  the   former 
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condition  obtains  in  those  places  which  are  in  close 
proximity  to  the  respiratory  region. 

(6)    Between  the  epithelial  cells   extend    spindle- 
shaped  cells,  each  with  a  spherical,  or  very  slightly 


oval,  nucleus — the  sensory  cells  (Max  Schultze). 
E^ch  cell  sends  one  broad  process  towards  the  free 
surface,  over  which  it  projects  in  the  shape  of  a  small 
bundle  of  shorter  or  louger  rods  ;  whereas  a  fine 
varicose  filament  passes  fi'oni  the  cell  body  towards 
the  mucosa,  and,  aa  shown  first  by  M.  Schultze,  be- 
comes connected  with  a  fibrilla  of  the  plexus  of  the 
olfactory  nerve  fibres. 


Nasal  Mucous  Membra ke. 
B  place 
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(c)  In  some  places  there  is  a  deep  layer  of  epithe- 
lial ceUa,  each  with  a  spherical  nucleus  of  an  inverted 
conical  shape,  their  pointed  extremity  passing  be- 
tween the  other  cells  just  mentioned  and  their  broad 
basis  resting  on  the  basement  membrane  (Fig.  283). 


Von  Brunn  has  shown  that  there  is  on  the  free 
surface  of  the  epithelium  a  sort  of  cuticle — a 
delicate  limitans  externa. 

491.  The  mucous  membrane  is  of   loose  texture, 
and  contains  a  rich   plexus  of   bundles  of  olfactory 
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nerve  fibres,  extending  chiefly  in  a  direction  parallel 
to  the  surface  (Fig.  384).  Each  nerve  fibre  ia  uon- 
medullated— I.*,  is  an  axis lylinder composed  of  minvite 
or  primitive  fibrillin,  and  invested  in  a  neurilemma  with 
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the  nuclei  of  the  nerve  corpitacles.  Near  the  surface 
the  tibi'es  of  the  plexus  are  tliin,  and  they  split  up 
into  the  constituent  fibrils  which  are  directly  con- 
tinuous with  the  tine  varicose  processes  of  the  sensory 
cells  above  named  (Fig.  178). 

492.  The  blood-vessols  supply  with  capillary  net- 
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works  the  superficial  part  of  the  mncoua  membrane 
and  the  numerous  glands.  These  are  the  glands  of 
Bovnnan,  extending  through  the  thickness  of  the 
mucous  membrane.    They  are  tubes,  slightly  branched, 


and  gradually  enlarging  towards  their  distol  end  ;  in 
some  parts  they  are  more  or  less  straight.  In  struc- 
ture they  are  identical  with  sei-ous  glands,  possessing 
a  minute  lumen,  and  being  lined  with  a  layer  of 
columnar  albuminous  cells.  The  duct  is  a  very  fine 
canal ;  it  is  that  part  of  the  gland  which  is  situated 
in  the  epithelium  of  the  free  surface ;  it  passes  ver- 
tically through  this,  and  consists  ot  a.  6.tv^  \\nii.'Oavst 
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membrane,  the  continuation  of  the  membrana  propria 
of  the  gland  tube,  and  a  layer  of  very  flattened  epi- 
thelial cells. 

493.  There  is  a  definite  relation  between  the 
size  and  number  of  the  bundles  of  the  olfactory  nerve 
fibres,  the  thickness  of  the  olfactory  epithelium,  and 
the  length  of  the  gland  tubes.  The  size  and  number 
of  the  bundles  of  the  nerve  fibres  are  determined 
by  the  thickness  of  the  epithelium — i.e.  by  the 
number  of  the  sensory  cells ;  the  number  and  thick- 
ness of  the  olfactory  nerve  bundles  determine  the 
thickness  of  the  mucous  membrane,  and  the  thicker 
this  is,  the  longer  are  the  glands  of  Bowman. 

494.  The  organ  of  Jacobsoii  (Figs.  285, 
286,  287)  is  a  minute  tubular  organ  present  in 
all  mammals,  and,  as  has  been  shown  by  Dursy 
and  Kolliker,  also  in  man.  In  mammals  it  is  a 
bilateral  tube,  compressed  from  side  to  side,  and 
situated  in  the  anterior  lower  part  of  the  nasal 
septum.  Each  tube  is  supported  by  a  hyaline 
cartilage,  in  the  shape  of  a  more  or  less  plough- 
shaped  capsule — the  cartilage  of  Jacohson  —  and 
opens  in  front  directly  into  the  nasal  furrow  (guinea- 
pig,  rabbit,  rat,  efcc.) ;  or  it  leads  into  the  canal 
of  Stenson  (dog),  which  passes  through  the  canalis 
naso-palatinus,  and  opens  immediately  behind  the 
incisor  teeth  on  the  palate.  In  all  instances,  how- 
ever, it  terminates  posteriorly  with  a  blind  extremity. 

495.  The  cavity  of  the  tube  is  lined  with  stratified 
columnar  epithelium,  which  on  the  lateral  wall  is 
ciliated  in  the  guinea-pig  and  dog,  and  non-ciliated  in 
the  rabbit.  The  median  wall — i.e.  the  one  next  to 
the  middle  line — is  lined  with  olfactory  epithelium 
identical  with  that  of  the  olfactory  region  of  the  nasal 
cavity.  Branches  of  olfactory  nerve  fibres  also  pass 
into  the  median  wall,  and  behave  in  exactly  the  same 

manner  as  in  the  oliactory  region.      Numerous  serous 
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glands — belonging   chiefly  to   the   upper   and    lower 
wall — open  into  the  cavity  of  the  organ  of  Jacobson. 

In  the  lateral  wall  there  is  in  many  instances  a 
plexus  of  veins,  extending  in  a  longitudinal  direction, 
and  between  the  vessels  are  bundles  of  non-striped 
muscular  tissue,  thus  constituting  a  sort  of  cavernous 
tissue. 
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CHAPTER    XLV. 

THE      DUC!TLESS      GLANDS. 

496.  I.  The  liypophysis  cerebri. — The  upper 
or  smaller  lobe  belongs  to  tlie  central  nervous  system. 
The  lower  or  larger  lobe  is  surrounded  by  a  fibrous 
capsule,  which  sends  numerous  minute  septa  into  the 
interior.  These  split  up  into  numerous  trabeculae  of 
fibrous  tissue,  which,  by  dividing  and  reuniting,  form 
a  dense  plexus,  with  smaller  and  larger,  spherical  or  ob- 
long, or  even  cylindrical  spaces — the  alveoli.  In  these 
lie  spherical  or  oblong  masses  of  epithelial  cells.  These 
epithelial  cells  are  columnar,  pyramidal,  or  polyhedral, 
each  with  an  oval  or  spherical  nucleus.  Between  the 
epithelial  cells  of  the  same  group  are  found  here  and 
there  small  branched  or  spindle-shaped  cells,  with  a 
small  flattened  nucleus.  In  some  of  the  groups  or 
alveoli  of  epithelial  cells  is  a  cavity,  a  sort  of  lumen, 
filled  with  a  homogeneous  gelatinous  substance. 

The  interalveolar  connective  tissue  contains  a 
network  of  capillaries.  Between  the  alveoli  and  the 
interalveolar  tissue  there  are  lymph  sinuses,  like  those 
around  the  alveoli  of  other  glands — e.g.  the  salivary 
glands. 

497.  II.  The  thyroid  g^land  (Fig.  288).— The 
framework  of  this  gland  is  in  many  respects  similar 
to  that  of  other  glands,  there  being  an  outer  fibrous 
capsule,  thicker  and  thinner  septa,  and  finally  the  fine 
trabeculae  forming  the  septa  between  the  gland  alveoli. 
These  are  closed  vesicles  of  a  spherical  or  oval  shape, 

and  of  various  sizes.       Each  vesicle  is  lined  with  a 
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single  layer  o£  ]  ohhedral  or  columnar  epithelial  cells 
each  with  a  spherical  or  oval  nucleus  There  is  a 
cavibj  which  differs  in  siae  accordmg  to  the  size  of 
the  vesicle  It  contams  and  is  more  01  less  filW 
with  a  homogeneous  viscid  albuminous  flui  1 — ^thc 
so-called  colloid  In  this  often  cccur  dpSenet*tinK 
nucleated   lymph  coppuick'i  j 

and  coloured  blood  corposclf  b 
(Baher) 

i'Jh  The  vihicles  are 
surrounded  by  networks  of 
blood  capillaries  In  the 
connective  tissue  framewoik 
lie  networks  of  lyniphatiLS 
between  the  traniework  and 
the  sui  face  of  the  1  eaicles  are 
lymph  sinuses  lined  « itli 
endothelium  (Biber)  Tlio  ] 
large  and  '^mall  lymphatics 
are  often  filled  with  the  ^Jj^'iow'Sii^'ifoMhe™" « 
same  colloid  material  as  the  ilT ii*^."'''!*^"'^  cti^  a 
vesicles  and  it  is  piobable  f"™ia_t[Muo  tec  0  iiienlanii 
that  this  (.olioid  material  is 

produced  ui  the  vesicles  and  carried  away  by  the 
Ijmphatics  ti  be  finally  dischaiged  into  the  ciicu 
lating  blood 

499  Its  torniition  in  the  \e=Kles  is  probably  due 
to  an  actue  secietion  bj  the  epithelial  cells  of  the 
vesicles  and  to  d,  mixture  with  it  or  maceration  by 
it  of  the  effused  blood  mentioned  alwve  In  some 
instances  Babei  foind  the  amount  of  blood  effused 
into  the  cavity  of  the  vesicles  very  considerable  and 
hence  it  is  justifiable  to  assuiiie  that  the  destruction  of 
red  blood  corpuscles  forms  one  of  the  functions  of  the 
thyroid  gland. 

500.  III.  Tbc  supra-renal  bodies  (Fig.  289). 
—The  supra-renal  body  is  enveloped  in  a  fibrous  cag- 
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aule  ;  in  connection  with  this 


Fig.  2ai  -Froi  1  \ert  cal  ae  t  on  II  rousli 
Qie  Supia  renal  Budy  of  Hsd,  (Eberlli,  in 
Strtckc-'i  Afrmiml.) 

discerned  in  some  of  these  cell 


septa  and  trabeculfe 
passing  inwards, 
and  they  are  ar- 
ranged differently 
in  the  cortex  and 
in  the  medulla 
of  the  gland,  as 
will  be  seen  pre- 
sently. 

The  cortex  of 
the  gland  consists 
of  an  outer,  middle. 
and  inner  zone,  all 
three  being  di- 
rectly continuous 
with  one  another. 
The  outer  one  is 
the  aona  glommni- 
hsa ;  it  contains 
numerous       sphe- 

monly,  elongated, 
masses  of  epithelial 
cells.  The  ceils 
are  polyhedral  or 
cylindrical,  each 
with  a  spherical  or 
oval  nucleus.  In 
some  animals — as 
the  dog,  horse — 
the  cells  are  thin 
and  columnar,  and 
arranged  in  a 
I  ran sverse  manner. 
Occasionally  a  sort 
of  lumen   can    be 
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501.  Next  follows  the  middle  zone,  or  zona 
fasciculata.       This    is     the    most    conspicuous    and 

broadest  part  of  the  whole  gland.  It  consists  of 
vertical  columns  of  polygonal  epithelial  cells,  each 
with  a  spherical  nucleus.  The  cell  substance  is  trans- 
parent, and  often  contains  an  oil  globule.  The  columns 
anastomose  with  their  neighbours.  Between  the 
columns  are  fine  septa  of  connective  tissue  carrying 
blood  capillaries. 

Between  the  cell  columns  and  the  connective  septa 
are  seen  here  and  there  lymph  spaces,  into  which  lead 
fine  channels,  grooved  out  between  some  of  the  cells  of 
the  columns. 

502.  Next  follows  the  inner  zone,  or  zona  reticu- 
laris, composed  of  smaller  or  larger  groups  of  poly- 
hedral cells,  with  more  or  less  rounded  edges.  These 
cell  groups  anastomose  with  one  another.  The  indi- 
vidual cells  are  slightly  larger,  and  their  substance  is 
less  transparent  than  those  of  the  zona  fasciculata.  In 
the  human  subject  they  are  slightly  pigmented. 

503.  In  the  medulla  we  find  cylindrical  streaks 
of  very  transparent  cells  ;  the  streaks  are  separated  by 
vascular  connective  tissue.  The  cells  are  polyhedral, 
columnar,  or  branched.  These  cell  streaks  anasto- 
mose with  one  another  and  are  directly  continuous 
with  the  cell  groups  of  the  zona  reticularis  of  the 
cortex. 

504.  The  cortex  is  richly  supplied  with  dense 
networks  of  capillary  blood-vessels ;  their  meshes  are 
polyhedral  in  the  outer  and  inner  zone,  elongated  in 
the  middle  zone,  or  zona  fasciculata.  In  the  medulla 
numerous  plexuses  of  veins  are  met  with.  In  the 
centre  of  the  supra-renal  body  lie  the  large  efferent 
venous  trunks.  In  the  capsule  (Kolliker,  Arnold), 
and  in  the  connective  tissue  around  the  central  veins, 
are  plexuses  of  lymphatic  tubes  with  valves.  The 
nerves   are   very    numerous   and   composed   of   non- 
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meduUated  fibres ;  in  the  medulla  they  form  rich 
plexuses.  In  connection  with  these  and  with  those  of 
the  outer  capsule  are  small  ganglia  (Holm,  Eberth). 

505.  lY.    The     g^landiila     coccyg^ea    and 

Inter-carotica. — The  first  of  these  is  a  minute 
corpuscle  situated  in  front  of  the  apex  of  the  os 
coccygis,  and  was  discovered  by  Luschka.  The 
gland  ula  carotica  of  Luschka  (ganglion  inter-caro- 
ticum)  is  of  exactly  the  same  structure  as  the 
glandula  coccygea. 

506.  Its  framework  is  of  about  the  same  nature 
as  that  of  other  glands — a  fibrous  capsule  and  inner 
fibrous  septa  and  trabeculse.  The  septa  and  trabeculse 
contain  in  some  places  bundles  of  non  striped  muscular 
tissue  (Sertoli). 

507.  The  spaces  of  the  framework  are  occupied  by 
the  parenchyma.  This  consists  of  spherical  or  cylin- 
drical masses  of  cells  connected  into  networks.  The 
individual  cells  are  polyhedral  epithelial  cells,  each 
with  a  spherical  nucleus.  According  to  Luschka,  in 
the  newly-born  child  they  are  ciliated.  In  the  centre 
of  each  of  the  cell  masses  lies  a  capillary  blood-vessel, 
much  convoluted  and  wavy. 

Numerous  non-medullated  nerve  fibres  forming  a 
plexus  are  situated  in  the  framework  of  the  gland. 
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of  pancreas,  330 
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Ad  maxillary  glands,  289 
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of  pancreas,  330 
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horn  of  cord,  173 
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white  commissure,  187 
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Aqueductus  Sylvli,  226 

vestibuli,  461 

Arachnoid     membrane 


of    spinal 


cord,  170 

of  bmin,  235 

Arachnoidal  villi,  235 

Arborisation,  151 

Arenate  tibres  of  medulla,  213 

Areolar  tissue,  48 

Arrector  pili,  419 

Arterite  ciliares  breves,  440 

recurrentes,  440 

helicinse,  385 

rectap,  369 


Arteries,  108 
Arterioles,  Afferent,  55 

of  uterus,  397 

Articular  cartilage,  63,  82 
——  nerve-corpuscles,  161 
Arytenoid  cartilage,  339 
Ascending  degeneration,  180 

loop-tube,  364 

rootofglosso-pharyngeal  nerve, 

210 

of  the  eighth  nerve,  215 

of  tlie  fifth  nerve,  224 

Aster  stage  in  nucleus,  15 
Attraction  sphere,  9 
Auditory  hairs,  464 

nerve,  Origin  of,  217 

,  Division  of,  219 

teeth,  469 

Auerbach's  plexus,  326 

Auricle  of  heart,  107 

Auriculo-ventricular  valves,  106 

Axilenmia,  145 

Axis  cylinder,  144 

process    of   sympathetic 

ganglion  cell,  263 
Axon,  144 


Bnrtliolin's  glands,  399 
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Basilar  membrane  of  cochlea,  469 

Basket  cells  of  cerebellum,  241 

Basophile  cells,  27 

Bellini's  ducts,  365 

Bile-duets,  336 

Bile  capillaries,  336 

Bilirubin,  23 

Bioblasts,  9 

Bladder,  87,  371 

Blastoderm  of  chick,  2 

Blood,  19 

corpuscles,  19 

,  their  origin,  28 

cysts,  115 

islets,  115 

glands  of  His,  126 

platelets  of  Bizzozero,  27 

-vessels,  105 

Bone,  68 

cartilage,  68 

cells,  71 

corpuscles,  71 

,  Development  of,  74 

trabecule,  74 

Bowman's  capsule,  3(50 

elastica  anterior,  42!> 

glands,  481 

membrane,  429 

sarcous  elements,  94 

Brachia,  233 

Brain  membranes,  235 

structure,  243 

Bronchi,  343 

Brownian     molecular    movement, 

300 
Bruch,  Glands  of,  427 
Briicke*s  elementary  organisms,  5 

oikoid  and  zooid,  22 

tunica  nervea,  456 

Brunner's  glands,  328 
Buccal  glands,  298 
Bulbus  olfactorius,  250 
Biitschli's  nuclear  spindle,  15 


Calcification  of  bone,  85 

of  cartilage,  65 

of  dentine,  283 

Calices  of  kidney,  356 
Canal  of  Schlemm,  434 

of  Stenson, 482 

of  Stilling,  444 

Canalis  hyaloideus,  322,  444 

Petiti,  443 

reuniens,  461 

Canaliculi  in  bone,  70 

In  cartilage,  65 

Capillaries  of  njarrow-bone,  111 


Capillaries  of  nerve  system.  111 
Capillary  bile-ducts,  336 

blood-vessels,  111 

lymphatics,  119 

network  in  mucosa,  301 

sheaths,  354 

Capsule  of  Bowman,  360 

of  ganglion  cells,  255 

of  Glisson,  333 

of  kidney,  356 

■  of  the  spleen,  351 

Cartilage,  63 

,  Articular,  64 

capsule,  64 

cells,  63 

,  Elastic,  67 

,  Fibrous,  66 


,  Hyaline,  63 

,  Lacunae,  63 

of  Jacobson,  482 

of  Luschka,  339 

Cavenious  tissue  in  tactile  hairs, 
418 

in  organ  of  Jacobson.  483 

tissues  in  genital  oi-gans,  384 

Cavities  of  tendon  sheaths,  121 
Cavum  tjnnpani,  459 
Cell  enclosures,  9 

protoplasm,  7 

Cells,  5 

,  Muscular,  of  blood-vessels,  88 

,  of  intestine,  88 

,  of  respiratory  organs,  88 

,  of  stomach,  88 

,  of  urinary  organs,  88 

in  tadpole's  tail,  50 

of  Claudius,  468 

of  Corti,  471 

of  Deiters,  236,  471 

of  Golgi,  242 

of  Martinotti,  246 

of  Purkinje,  239 

Cellulae  mastoidese,  459 
Cellular  tissue,  48 
Cement  of  teeth,  279 

substance,  30 

of  endothelium,  40 

of  epithelium,  30 

of  fibrous  tissue,  47 

Central  canal,  185 

grey  nucleus,  185 

Centroacinous  cells,  331 
Centrosome,  9 
Cerebellum,  237 
Cerebrum,  243 
Ceruminous  glands,  409 
Cervix  of  uterus,  395 
Chalice  cells,  36 
Chondrin,  46,  63 
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Chondroclasts,  85 

Choroidal  portion  of  ciliary  muscle, 

87 
Choroid  membrane,  440 
Chromatic    granules    in    ganglion 

cells,  194 
Chromatin,  11 
Chromosomes,  11 
Chyle,  324 

vessels,  310 

Ciliary  muscle,  435 

nerves,  438 

processes,  438 

Cilia,  404 
Ciliated  cells,  35 
Circulus  arteriosus  in  iris,  438 
Circumanal  glands,  400 
Circumcellular  plexus,  265 
Cisterna  lymphatica  magna,  121 
Clarke's  columns,  102 
Cleavage  of  ovum,  2 

of  white  blood  corpuscles,  25 

Clitoris,  399 

Cochlea,  465 

Cohnheim's  areas,  03 

Colloid,  485 

Colostrum  corpuscles,  403 

Coloured  blood  corpuscles,  10 

Colourless  blood  corpuscles,  23 

Columnar  epithelial  cells,  30 

Commatract,  170 

Commissure,  Grey,  of  spinal  cord, 

173 

,  White,  of  spinal  cord,  187 

Compound  lymphatic  glands,  134 
Concentric  Ixnlies  of  Hassall,  132 

lamellte,  72 

Cone  fibre,  451 
Cones  of  retina,  452 
Coni  vasculosi,  379 
Conjunctiva,  424 

blood-vessels,  426 

bulbi,  426 

lymphatics,  427 

nerves,  427 

palpebrffi,  424 

Connective  tissue,  46 
Contractility  of  corneal  corpuscles, 

52 

of  pigment  cells,  54 

Contraction  of  muscle,  00 

wave,  99 

Convolution  of  brain,  243 

in  nucleus,  13 

Conlse  tendineae,  106 
Cords  of  adenoid  tissue,  1 27 
Corium,  404 
Cornea,  50, 429 
nerves  in,  431 


Corneal  cells,  50 

corpuscles,  50,  430 

Comuain  cord,  175 
Comua  uteri,  396 
Corpora  cavernosa,  384 

geniculata,  270 

quadrigemina,  226 

striata,  249 

Corpus  callosum,  249 

Highmori,  372 

luteum,  391 

restifonne,  209 

spongiosum,  884 

Corpuscles,  Malpighian,  353,  359 
of  blood,  20,  23 


of  bone,  71 


of  connective  tissue,  48 

of  Grandry,  160 

of  Herbst,  158 

of  lymph,  123 

of  Meissner,  loH 

of  muscle,  04 

of  nerve,  145 

of  Pacini,  155,  423 

ofVater,  155 

,  Tactile,  158,  423 

Corti's  arcli,  470 

cells,  471 

ganglion,  465 

organ,  4(50 

rods,  469 

Cortical  layer  of  ovary,  387 

lymjih-sinus,  136 

Costal  cartilages,  63 

pleura,  122 

Cowper's  glands,  883 
Creniaster  internus,  381 
Crenatc  blood  corpuscles,  21 
Crescents  of  Gianuzzi,  204 
Cricoid  cartilage,  330 
Crista  aeustica,  338 

spiralis,  342,  347 

Crus  cerebri,  229 

,  Crusta  of,  233 

Crusta  petrosa,  463 
Crvi>ts,  129 

— —  of  Lieberkiihn,  318 
Cuticle  of  Nasmyth,  284 
Cutis  anserina,  420 

vera,  404 

Cystic  duct,  88 
Cytogenous  tissue,  126 
Cytoplasm,  7 


Deiters*  cells,  236,  471 

phalanges,  47< 

Demilunes  of  H.eid*i\vU^\w,*bN\ 
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Dendrite,  197 
Dendron,  151 
Dentinal  canals,  277 

fibres,  277 

sheaths,  277 

tubes,  85 

Dentine,  85 

Descemet's  membrane,  61,  430 

Diapedesis,  113 

Diaphragm,  44, 122 

Diaster  stage  in  nucleus,  16 

DiflTuse  adenoid  tissue,  127 

Dilatator  pupillee,  437 

Direct  division,  12 

**  Disc  tactil,"  161 

Discus  proligerus,  390 

Disdiaclasts,  104 

Dispireme,  16 

Distal  convoluted  tubes,  365 

Division,  Remak's  mode  of,  12 

Doy^re's  nerve-mount,  165 

Ductless  glands,  484 

Ducts  of  pancreatic  gland,  330 

of  salivary  gland,  291 

Ductus  ejaculatorii,  381 
Dura  mater,  170 
Dural  sheath,  457 


Ear,  External,  458 

,  Internal,  460 

Ectoplasm,  8 
Eosinophile  cells,  27 
BflTerent  lymphatics,  138 

medullated  nerve-fibres,  188 

veins,  56 

Elastic   fenestrated   membrane    of 

Henle,  61 
Blastin,  60 
Electric  nerve,  148 
Eleidin,  33 
Elementary  fibrillse,  145 

fibrils,  47 

organisms,  5 

Enamel,  275 

cap,  281 

cells,  281 

organ,  280 

prisms,  275 

End-bulbs  of  Krause,  159 

Endocardium,  105 

Endochondral  formatio     of  bone, 

75 
Endolymph,  461 
Endolymphanglal  nodules,  128 
Bndomysium,  91 
Endoneurium,  142 
Endoplasnif  8 


Endothelial  cells,  structure,  40 

—^  membrane,  40 

Endothelium,  40 

Endotheloid  cell-plates,  126 

Energid,  6 

Engelmann's     intermediate     disc, 

95 
Ependyma,  211 
Epidermis,  33,  404 
Epididymis,  379 
Epiglottis,  67,  339 
Epineurium,  141 
Epithelial  cells,  30 

,  Division  of,  38 

,  Regeneration  of,  38 

Epithelium,  30 
Ergastic  structures,  6 
Erytliroblasts,  28 
Eustachian  tube,  459 
External  arcuate  fibres,  213 
Eyeball,  426 

-lashes,  424 

lids,  424 


Fasciae,  48,  49 
Fascia  dentata,  249 
Fascicles,  91 
Fasciculus  cuneatus,  178 

of  Goll,  179 

of  Lissauer,  179 

pyramidal,  177 

Fat  cells,  55 

and  starvation,  58 

Fenestra  ovalis,  460 

rotunda,  460 

Fenestrated  membrane,  45,  48 

of  Henle,  61 

Fertilisation  of  ovum,  2 

Fibne  arcuatae,  213 

Fibres,  Connective  tissue,  46 

,  Elastic  tissue,  60 

of  muscle,  86,  91 

of  nerves,  140 

of  Purkinje,  106 

Fibrillse  of  connective  tissue,  47 

of  muscle,  92 

of  nerve,  145 

Fibro-cartilage,  66 

Fibrous  tissue  development,  59 

Fillet,  225 

Fissura  orbitalis,  88 

Fissure  of  Rolando,  243 

Fissures  of  spinal  cord,  175 

of  medulla,  202 

Foetal  tooth  papilla,  280 
Follicles,  Hair,  409 
,  LieberkUhn'8, 818 
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Follicles,  Lymph,  126 

,  Sebaceous,  418 

,  Thymus,  131 

Fornix  coDJunctivse,  426 

vaginae,  398 

Fossa  glenoidalis,  ^^ 

navicularis,  383 

patellaris,  443 

Fovea  centralis,  455 

hemielliptica,  460 

hemispherica,  460 

Fundus  of  peptic  gland,  312 
Funiculus  cuneatus,  202 
gracilis,  202 


Gall-bladder,  336 

Ganglia,  Cerebro-spinal,  253 

,  Sympathetic,  259 

Ganglion  cells,  191,  239,  243,  203 
Gasserian  ganglion,  253 
Gelatinous  tissue,  62 
Geniculate  ganglion,  270 
Genital  corpuscles  of  Krause,  160 

end-corpuscles,  155 

organs  (male),  372 

(female),  386 

Germ  reticulum  of  von  Ebuer,  377 
Germinating  cells,  44 

endothelial  cells,  43 

epithelium,  387 

spots,  1,  388 

vesicle,  1,  388 

Girald^'s  organ,  380 
Gland,  Prostate,  382 
Glands,  agminated,  130,  321 

,  Bartholini,  399 

,  Bronchial,  349 

,  Brunner,  328 

,  Buccal,  298 

,  Carotic,  488 

,  Ceruminous,  409 

,  Coccygeal,  488 

,  Harder,  428 

,  Krause,  426 

,  Lachrymal,  427 

,  Lieberkiihn's,  318 

.  Littre's,  383 

,  Lymi)hatic,  126,  134 

,  Meibomian,  424 

,  Mohl,  425 

,  Mucous,  287,  298 

,  Peptic,  312 

,  Peyer,  321 

,  Pyloric,  313 

,  Salivary,  28(5 

,  Sebaceous,  418 

,  Serous,  286,  299 


Glands^  Solitary,  130 
,  Submaxillary,  286 


-,  Sweat,  407 
-,  Thymus,  131 
Thyroid,  484 


Glandulai  agniinatae,  130 

lenticulares,  315 

Pacchioni,  235 

uterinae,  396 

Glans  clitoridis,  399 

penis,  384 

Glassy  membrane,  411 
Glissons  capsule,  333 
Globulin,  21 
Globus  major,  380 
Glomeruli,  251,  360 
Glycogen,  9,  23,  335 
Goblet  cells,  36 
Golgi's  cells,  242 

method,  182 

tendon  spindles,  167 

Goll's  tract,  179 
Graafian  follicles,  388 
Grandry's  corpuscles,  160 
Granular  leucocytes,  26,  58 
Granules  in  blood,  27 
Granulosa,  membrana,  388 
Grey  commissure,  174 
Ground  lamellie,  73 

plexus  of  Arnold,  1 62 

substance,  46 

Growing  capillaries,  113 


Ilabenula  perforata,  473 
Hajmatin,  23 
HjEUiatoidin,  23 
lltematoplasts,  27 
Haemin  crystals,  23 
Haimoglobin,  22 

crystals,  23 

Hair,  414 

bulb,  412 

,  Development  of,  416 

fibres,  413 

follicles,  409 

knob,  416 

,  Marrow  of,  413 

,  New  formation  of,  415 

papilla,  411 

,  Root  of,  413 

sheath  of,  412 

sac,  411 

,  Shaft  of,  414 

Harder's  gland,  428 
Haversian  canals,  72 
lamellai,  72 


spaces,  74 
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Heart  and  blood-vessels,  105 

Helicotrenia,  469 

Henle,  Fenestrated  membranes  of, 

61,  108 

,  Fibres  of,  62 

,  Sheath  of,  142 

,  Stratum  nerveura  of,  456 

,  Tubes  of,  364| 

Hensen's  cells,  472 

median  disc,  98 

Hepatic  cells,  335 

duct,  336 

lobules,  333 

veins,  385 

Herbst,  Corpuscles  of,  158 
Hilum  of  lymph  glands,  134 

of  salivary  glands,  291 

of  spleen,  352 

Hippocampus,  249 

Homogeneous  elastic  membranes, 

61 
Howship's  lacunas,  85 
Huxley's  layer,  414 
Hyaline  cartilage,  63 

leucocyte,  26 

Hj'aloid  membrane,  443 
Hyaloplasm,  7 
Hypophysis,  484 


Ileum,  \Vl\ 

Incremental  lines  of  Salter,  278 

Incus,  459 

Indirect  divisi<m,  13 

Infundibula,  88 

of  bronchiole,  345 

of  gland,  299 

Inner  molecular  layer,  449 

nuclear  layer,  449 

Interarticular  cartila;;es,  66 
Interfascicular  spaces,  49 
Interglobular  spaces    of  Czermak, 

278 
Interlobar  ducts,  291 
Interlobular  bile-ducts,  336 

connective  tissue  of  liver,  333 

ducts,  291 

Intermediate  cartilage,  66 

disc,  96 

plexus,  162 

zone,  315 

Intermembranous      formation      of 

bone,  83 
Intermuscular  fibrils,  163 
Internal  arcuate  fibres,  213 

cai)8ule  of  brain,  283 

Intervertebral  discs,  ^'o 
Intestine,  LArge,  317 


Intestine,  Small,  317 
Intiiiia  of  arteries,  108 
Intralobular  bile-capillaries,  336 

veins,  335 

Intranuclear  network,  11 
Iris,  436 

,  Blood-vessels  of,  438 

,  Lymph-cleft«  of,  438 

,  Lymph-sinuses  of,  438 

,  Nerve-fibres  of,  438 


Jacobson's  organ,  482 


Karyokinesis,  13 
Karyomitosis,  13 
Karyoplasm,  11 
Keratin,  33 
Kidney,  356 

,  Atferent  arterioles  of,  368 

blood-vessels,  367 

glomerulus,  360 

lymphatics,  370 

parenchyma,  357 

vessels,  367 

KoUiker's  muscle  buds,  102,  166 

muscle  spindle,  102 

osteoclasts,  85 

tract  cells,  197 

Kiiline's   nerve-ending   in  muscle, 
164 

rhabdia,  92 

rhodopsin,  453 

sarcoglia,  100 


Labia  pudendi  majora,  420 
Labium  tympanicum,  467 

vestibulare,  467 

Labyrinth,  Osseous,  460 
Lachrymal  glands,  427 
Lacunie  Morgagni,  383 

of  bone,  70 

of  cartilage,  63 

of  lymphatics,  51 

Lamellae  of  bone,  70 

of  cornea,  429 

of  lens,  442 

Lamina  cribrosa,  456 

elastica  of  cornea,  429 

fusca,  434 

reticularis,  473 

spiralis  ossea,  460 

vitrea,  438 

Langerhans*  granular  layer,  34 
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Larynx,  339 
Lateral  fillet,  228 

horn,  174 

nucleus,  211 

■  tract,  175 

Lemniscus,  214 
Lens,  442 

fibres,  442 

stars,  443 

Fienticular  glands,  130 
Leucsemia,  20 
Leucocyte,  23 
Leucocytosis,  20 
Leucopenia,  20 
Ligamentum  denticulatum,  171 

latum,  386 

pectinatura,  434 

pulmonis,  347 

spirale,  467 

suspensory  of  lens,  443 

Liniitans,  externa,  451 

interna,  447 

Lines  of  Salter,  278 

of  Schreger,  279 

Liquor  folliculi,  390 

sanguinis,  10 

Littre's  glands,  383 
Liver,  333 

,  Vessels  of,  335 

Lobes  of  pancreas,  330 

of  salivary  gland,  290 

of  thymus  gland,  131 

of  lung,  346 

Lobules  of  liver,  333 

of  lung,  346 

of  salivary  glands,  290 

of  thymus  gland,  131 

Locus  coeruleus,  228 
Lung,  346 

blood-vessels,  349 

lymphatics,  349 

Lymph,  123 

Lymphatic  capillaries,  119 

clefts,  119 

glands,  126,  134 

rootlets,  119 

sinuses,  120 

tissue,  62,  126 

vessels,  117 

Lymphatics,  117 

m  mucosa,  302 

Lymph-canal  system  in  cornea,  51 

canalicular  system,  119 

cavities,  120 

corpuscles,  12:{ 

follicles,  126 

hearts,  123 

Lymphocyte,  25,  58,  123 
Lymphoid  cells,  25 


Macula  acustica,  463 

lutea,  454 

Malleus,  459 

Malpighian  corpuscles  of  kidney, 
359 

of  spleen,  353 

pyramids  of  kidney,  357 

stratum  of  skin,  33 

Mammary  gland,  401 
Manubrium  mallei,  459 
Marchi's  method,  182 
Marrow  of  bone,  68 
Matrix  of  osseous  substance,  70 
Meatus  auditorius  extemus,  458 
Meckel's  ganglion,  253 
Media  of  arteries,  108 
Median  fillet,  228 

lateral  fissure,  176 

Mediastinum  testis,  372 
Medulla  oblongata,  202 

of  gland,  134 

Medullary  cylinders,  135 

lymph-sinus,  136 

ray,  359 

sheath  of  nerve-fibres,  145 

Mednllated  nerve-fibres,  143 
Meibomian  glands,  424 
Meissner's  corpuscles,  158,  423 

plexus,  261,  266,  326 

Membrana  basilaris,  469 

chorio  capillaris,  441 

Descemeti,  430 

granulosa,  388 

hyaloidea,  443 

reticularis,  473 

secundaria,  460 

supra-choroidea,  434 

tectoria,  474 

tympani,  458 

Membrane  of  Krause,  96 
Mesencephalon,  229 
Mesentery,  122 
Mesogastrium,  45 
Metaklnesis,  15 
Microcytes,  20 
Microsomes,  9 
Migratory  cells,  44 
Milk,  403 

globules,  402 

tooth,  283 

Mitoma,  11 
Mitral  cells,  251 
Modiolus,  465 
Monaster,  16 
Motor  ganglion  cells,  197 
Moss  fibres,  243 
Movement  of  cilia,  35 
Mucin,  37 
Mucosa,  800 
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Mucosa,  Lymph  follicles  of,  128 
Mucous  cells,  293 

glands,  287,  298 

membrane,  300 

Mnco-salivary  glands,  288 
Mucus,  Formation  of,  36 
Miillei's  fibres,  447 

muscle,  435 

Muscle  bundles,  87,  91 

buds,  102 

cells,  86 

column,  92 

corpuscles,  94 

fibres,  86,  90 

librillae,  92 

sheath,  87 


spindle,  102 

tissue,  Striped,  90 

.  Non-striped,  86 

Muscular  compartments,  98 
Muscularis  externa,  308 

mucosae,  308 

Musculus  ciliaris  Riolani,  424 
Myeloplax,  7,  85 
Myeloplaxes  of  Robin,  85 


Nail,  420 

cells,  420 

groove  420 

substance,  420 

Nasal  mucous  membrane,  475 

septum,  03 

Nerve  bundles,  141 

corpuscles,  145 

end  plate,  16o 

endings,  155 

fibres,  140 

plexus,  143,  150 

unit,  268 

Network  of  fibrillse,  153,  167 
Neurilemma,  145 
Neuroglia,  182 

cells,  184 

fibrils,  183 

of  Virchow,  182 

tissue,  62 

Neuraxon,  144 

Neuron,  268 

Neurokeratin,  146 

Neutrophile  cells,  27 

Nipple,  401 

Non-medullated  nerve-hbres,  148 

Nuclear    layer    in    bulbus    olfac- 

torius,  251 

membrane,  11 

substance,  11 

zone,  442 


Nucleoli,  11 
Nucleoplasm,  11 
Nucleus,  Structure  of,  11 
Nucleus  ambiguus,  215 

arciformis,  213 

cuneatus,  206 

gracilis,  206 

Nuclei,  Inner,  of  retina,  449 

,  Outer,  of  retina,  451 

Nymphae,  399 


Odontoblasts,  277,  280 
(Esophagus,  307 
Olfactory  bulb,  250 

cells,  478 

glomeruli,  251 

nerves,  148,  480 

Olivary  bodies,  206,  207 

nucleus,  207 

Omentum  of  cat,  44 
of  fro«,  122 

of  guinea-pig,  45 

of  rat,  45 

,  Structure  of,  48 

Optic  chiasma,  270 
lobes,  231 

nerve,  456 

nerve-fibres,  447 

tract,  270 

•  vesicle,  455 

Ora  serrata,  447 
Organ  of  Corti,  469 

of  Giralde,  880 

of  Jacobson,  482 

Ossein,  70 

Osseous  labyrinth  of  ear,  4b0 

lamellie,  70  . 

substance  from  osteoblasts,  85 

Ossicula  auditus,  459 
Ossifying  cartilage,  77 
Osteoblasts  forming  bone,  84 
Osteoclasts,  85 
Osteogenetic  layer,  68 
Otoliths,  339 
Oval  nucleus,  41 
Ovary,  386 

,  Development  of,  392 

Lymphatics  of,  282 

,  Nerves  of,  282 

Oviduct,  394 
Ovum,  1,  388 
Oxyntic  cells,  312 


Oxyphile  cells,  27 


Pacinian  corpuscles,  155 
Palate,  298 
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Palmae  plicatae,  895 
Palpebrse,  424 
Pancreas,  830 
Papilla  circumvallata,  305 

filiforrais,  302 

foliata,  305 

fungiformis,  302 

nervi  optioi,  440 

Papillary  hair  of  Unna,  410 

muscle,  106 

Paraglobulin,  22 
Paranuclei,  18 
Paraplasm,  51 
Parenchyma  of  kidney,  357 
Parenchymatous  cartilage,  (56 
Parietal  cells,  312 

Pars  ciliaris  retina',  43U 

membranacea,  383 

prostatica,  3S3 

Pedunculated     hydati»l     of     Mor- 

gagni,  380 
Pedunculus  cerelKjUi,  238 
Penis,  384 

corpora  caveniosa,  384 

nerve-endings,  160 

Peptic  glands,  312 
Peribronchial  lymphatics,  340 
Pericardial  cavity,  121 
Pericellular  space,  201 
Perichondrium,  63 
Perilymph,  461 
Perilymphangial  nodules,  128 
Perimysium,  91 
Perineurium,  141 
Periosteal  bone,  75 

formation,  84 

processes  of  Virchow,  75 

Periosteum,  68 
Peripheral  nerve- endings,  155 
Peritoneal  cavity,  121 
Peritoneum,  41 
Perivascular  lymphatics,  119 

lymph  spaces,  201 

Peyer's  glands,  321 

patch,  130 

Phagocytes.  25,  59 
Pharynx,  2^8 

tonsil,  302 

Pia  mater,  170,  235 
Pial  sheath,  45(> 
Pigment  cells,  52 
Plasma,  19 

cells,  59 

Pleura  pulmonalis,  347 
Pleural  cavities,  121 
Plexus  choroideus,  235 

myentericus,  326 

Meissner,  32r» 

'——  venosus  vagiuiilis,  39K 


Plicte  villosffi,  311 
Polar  bodies,  18 
Pons  Varolii,  226 
Porta  hepatis,  333 
Portio  Miilleri,  435 

vaginalis  uteri,  395 

Posterior  nerve  roots  ft*ora  spinal 

cord,  188 
Postganglionic  fibres,  2<»4 
Prieganglionic  fibres,  265 
Prickle  cells,  37 
Primitive  dental  groove,  280 

tibrilljv,  150 

tlbrils,  92 

ova,  393 

Prostate,  382 
Protoblast,  6 
Protoplasm,  1,  7 

,  Structure  of,  7 

Protoplasmit;  membrane,  55 
Proximal  convoluted  tubule,  362 
Pulp  tissue,  279 

Purkinje's  gangliim  cells,  239 
Pyloric  glantls,  313 
Pyramid  of  Ferrcin,  359 
Pyramidal  decuissation,  204 
tracts,  177 


Rami  capsulares,  337 

Riinum  y  Cajal's   discoveries,   182, 

189,  449,  450 
Ranvier's  constrictions,  140 

nodes,  146 

Raphe,  209 

Red  blood  cnri>uscles,  20 
Red  nucleus,  230 
Reissner's  membrane,  4«> 
Reniak's  Hbrous  layer,  108 

nerve-llbre,  148 

Ret^'  Malpighii,  33 

mucosum,  33 

testis,  379 

Reticular  j'ai-tilage,  67 

formation,  20i» 

Restiform  body,  209 

i    Retina,  445 

'    ,  Blind  spot  of,  446 

,  Blood-vessels  of,  456 

'    ,  Ganglion  cells  of,  448 

,  liVmphatics  of,  456 

'    Rhabdia  of  KUhne,  92 

!    Rhodopsin  of  Kiihne,  453 

!    Rods  and  cones,  452 

'    Rollett's       secondary     sulistance, 

93 
'    Rosette  stagi?  in  nucleus,  13 
;    Rugtu,  398 
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Rutherford's    scheme    of    muscle 
contraction,  99 


Saccules,  462 

Saccus  endolymphaticus,  461 

Saliva,  300 

Salivary  cells,  293 

glands,  286 

,  Blood-vessels  of,  297 

,  Ducts  of,  291 

,  Lobes  of,  290 

,  Lobules  of,  290 

,  Lymphatics  of,  297 

,  Nerves  of.  297 

Sarcode  of  Dujardin,  5 
Sarcoglia,  100 
Sarcolemma,  91 
Sarcoplasma,  92 
Sarcoplasts,  101 
Sarcous  elements,  94 
Scala  tympani,  465 

vestibuli,  335,  465 

Schultze's  protoplasm,  5 
Schwann's  cells,  5 
Sclerotic,  432 
Scrotum,  87 
Sebaceous  follicles,  418 
Semicircular  canals,  462 
Seminal  cells,  375 

tubules,  374 

Sensory  decussation,  207 

end-organs  in  muscle,  166 

in  tendon,  168 

ganglion  cells,  197 

Septum  cisterriSB  lyraphatiere,  45 
Serous  glands,  286,  299 

membranes,  122 

Sesamoid  cartilages,  66 
Sharpey's  perforating  fibres,  74 
Sheath  of  Henle,  142 

of  Schwann,  145 

Simple  axis  cylinders,  153 

lymphatic  glands,  1 26 

Skin,  404 

,  Blood-vessels  of,  421 

,  Lymphatics  of,  422 

,  Nerves  of,  423 

Solitary  glands,  130 

lymph  follicles,  321 

Spaces  of  Fontana,  434 
Spermatoblasts,  377 
Spermatozoa,  378 
Sphincter  pupillse,  437 
Sphincters,  88 
Spinal  accessory,  203 

cord,  170 

grey  matter,  191 


Spinal  cord  whit«  matter,  186 
Spiral  fibre,  267 

tubule,  363 

Spireme,  convolution,  13 
Spleen,  351 

,  Capsule  of,  351 

,  Lymphatics  of,  355 

,  Nerve-fibres  of,  242,  355 

,  Parenchyma  of,  352 

,  Pulp  of,  353 

,  Red  blood  corpuscles  of,  28 

,  Trabecule  of,  352 

Spongioblast,  450 

Spongioplasm,  7 

Spongy  bone  substance,  74 

Squamous  epithelial  cells,  32 

Sternal  cartilage,  63 

Stigmata,  112 

Stomach,  310 

Stoniata,  112,  121,  349 

Stratified  columnar  epithelium,  35 

pavement  epithelium,  32 

Stratum  adiposum,  406 

cinereum,  231 

corneum,  33 

glomerulosum,  251 

granulosum,  34,  250 

lacunosum,  249 

lemnisci,  231 

•  liicidum,  33 

Malpighii,  33 

optieum,  232 

rad latum,  249 

zonale,  231 

Striic  acusticae  220 

Stria  vascularis,  468 

Stroma,  22 

Subarachnoidal  spaces,  121,  170 

tissue,  171 

Subcutaneous  lymphatics,  422 
tissue,  406 

Subdural  spaces,  121,  170 
Subendocardial  tissue,  105 
Subepithelial  endothelium  of  De- 

bove,  51 
Subhyaloid  cells,  443 
Submaxillary  ganglion,  253 
Submucosa,  300 
Submucous  lymphatics,  121 
Subpericardial  nerve  branches,  107 

tissue,  106 

Substantia  ferruginea,  225 
gelatinosa,  186 

nigra,  229 

Subvaginal  space,  457 
Sudoriferous  canal,  407 
Sulcus  hippocampi,  249 
spiralis,  467 

Superior  pedunculus  cerebelli,  22S 
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Suprachoroidal  tissue,  434 
Suprarenal  bodies,  485 
Supravaginal  space,  457 
Suspensory  ligament,  443 
Sweat  glands,  407 
Sympathetic  system,  258 
Synapsis,  199 
Synovial  cavities,  121 


Tactile  corpuscles,  158,  423 

hairs,  417 

Tapetum  nigrum,  439,  454 
Tarsal  plate,  424 
Taste  buds,  805 

cells,  305 

goblets,  305 

Teeth,  275 

cement,  279 

development,  280 

pulp,  279 

Tegmental  cells,  305 
Tegmentum,  231 
Teichmann's  crj'stals,  23 
Tendon  cells,  49 

spindles,  1G7 

Tendons,  49 
Tendril  fibres,  243 
Tenonian  capsule,  457 

space,  457 

Tensor  choroideae,  435 
Terminal  bronchi,  347 
Testis,  372 
Thoracic  duct,  117 
Thymus  follicles,  131 

gland,  131 

Thyroid  cartilage,  63 

gland,  484 

Tongue,  302 

,  Serous  glands  of,  30  4 

Tonsils,  129 

Touch-cells  of  Merkel,  161 

-corpuscles  of  Merkel,  160 
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